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NOTE.— The  terms  “Machine  Gun,”  “Barrage,”  and  “Battery”  are  used 
throughout  this  publication  in  the  following  senses : — 

Machine  Gun,  to  denote  the  -303  Vickers  Machine  Gun. 

Barrage  fire  by  Machine  Guns  is  the  fire  of  a  large  number  of  guns 
acting  under  a  centralized  control  directed  on  to  definite  linbs  or  areas  in 
which  the  frontage  engaged  by  a  gun  approximates  40  yards.  {See  Sec.  17, 
para.  1.) 

Battery : — A  battery  of  machine  guns  only  exists  as  a  tactical  unit  in  the 
motor  machine  gun  branch  of  the  Machine  Gun  Corps.  In  the  Cavalry 
and  Infantry  branches  the  word  is  merely  used  as  being  the  most  convenient 
term  for  denoting  a  suitable  number  of  guns  placed  under  an  oflicer  as 
a  fire  unit  for  a  particular  purpose.  (See  Part  I.,  Sec.  5.) 


PART  II.— ORGANIZATION  AND 
DIRECTION  OF  FIRE. 


CHAPTER  I. 

1.— MACHINE  GUNNERS^  MATHEMATICS. 

A  knowledge  of  the  following  simple  mathematical  facts 
la  of  great  assistance  in  modern  machine  gunnery. 

1 .  Triangles. 

(i.)  The  three  angles  of  a  triangle  are  together  equal  to 
two  right  angles.  Thus,  if  any  two  angles  are  known,  the 
remaining  angle  can  be  found. 


ABC  +  BCA  +  CAB  -=  2  right 
angles  =  180° 


(ii.)  The  exterior  angle  of  a  triangle  is  equal  to  the  two 
interior  and  opposite  angles. 


DBA  =  BAC  +  BCA 


(iii.)  If  a  line  is  drawn  parallel  to  one  side  of  a  triangle,  it 
divides  the  other  side  into  proportional  parts. 


DE  is  parallel  to  BC 
AE 


Then 


AC 


.  AD 
AB 


DE 

BC 
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(iv.)  When  the  ay  ex  angle  of  a  triangle  is  small,  the 
following  is  true  for  all  practical  purposes:—''  If  the  base 
of  a  triangle  be  divided  into  a  number  of  “^equal  divisions  and 
these  divisions  be  joined  to  the  apex,  then  the  apex  angle 
will  be  divided  into  the  same  number  of  equal  angles/^ 


Examjjle: — If  BC  be  divided  into  seven  equal  divisions, 
the  angle  BAC  is  also  divided  into  seven  equal  angles. 


2.  Angles  and  parallel  straight  lines. 

(i.)  When  two  straight  lines  intersect,  the  vertically 
opposite  angles  are  equal. 


ABE  =  DBG 
ABD  =  EBC 


(ii.)  When  two  parallel  straight  lines  are  cut  by  another 
straight  line,  the  following  are  true :  — 


(a)  AGE  =  GED 
BGE  =  GEC 


(6)  IIGB  =  GED 
AGH  =  CEG 

(c)  BGE  +  GED  =  180° 
AGE  +  GEG  =  180° 


L 
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(iii.)  If  straight  lines  are  parallel,  they  will  still  be  parallel 
if  all  are  switched  through  the  same  angle. 


If  the  lines  AB,  GD,  EE,  GH  are  parallel,  then  if  the  angles 
B,  D,  E,  H  are  equal,  the  lines  BM,  DJ,  EK  and  HE  will  be  parallel. 


If  the  angles  B,  D,  E,  H  are  equal 
EG,  HM,  are  parallel. 

*3.  The  "  V.I.  over 


then  the  lines  BG,  DE, 


Formula. 

Let  AB  =  V.I.  (Vertical  Interval). 
Let  BG  =  H.E.  (Horizontal  Equiv¬ 
alent)  . 

Let  angle  ABG  =  90° 

Then  provided  AB  is  small  in  com- 
B  parison  with  BG,  the  angle  AGB 
(in  minutes) 

V.I. 


H.E. 


X  3400. 


This  formula,  which  is  the  basis  of  almost  all  Machine 
Gun  problems,  is  derived  as  follows :  — 

If  the  circumference  of  any 
circle  be  divided  by  the 
diameter,  the  same  result  is 
always  obtained  ;  the  circum¬ 
ference  being  3  •  14159  times  the 
diameter. 

This  figure  3  •  14159  is  always 
denoted  by  TT- 

Gircumference  =  TT  X 
diameter. 

=  IT  X  2  B 
where  R  is  the  radius. 
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Also  the  curved  line  BE  is  said  to  subtend  ’’  the  angle 
ECB  at  the  centre.  It  is  clear  that  a,  quarter  of  the 
circumference  will  subtend  90  deg.  at  the  centre. 


.•.  The  whole  circumference  will  subtend  4  x  90  =  360°  at  the 
centre. 

Again,  when  AB  is  small  compared  with  CB,  the  difference 
between  AB  and  EB  is  negligible,  and  they  can  be  taken  as  equal. 

Now  2  TT  B  Units  subtend  360  X  60  minutes  at  the  centre. 

-1  TT  ^  360  X  60 

1  Unit  subtends^^-^-^ 

AB  {i.e.  BE)  units  subtend  ^  minutes  at  the 

2  IT  B 

centre  ;  which  is  the  angle  ACB. 


Angle  ACB  = 

®  B  2  X  TT 


AB^  360  X  60  AB 
E  2X3'14159  B 


X  3438. 


As  BED  is  any  circle  and  ABC  any  triangle,  this  formula  will 
be  true  for  any  triangle. 

Thus— 


Angle  ACB  = 
(in  minutes). 


AB 

CB 


X  3438 


Now  AB  represents  the  V.I.,  and  CB  the  H.E. 

.*.  Angle  in  minutes  =  x  3438. 

H.E. 

It  will  be  more  convenient  in  practice  to  use  3400  instead  of 
3438  and  thus  we  get : — 

Angle  in  minutes  =  x  3400.  V 

H.E. 

The  error  introduced  is  38  in  3438;  i.e.^  1  per  cent, 
approximately. 

From  the  above  formula,  the  following  are  easily 
obtained :  — 

Y  I  —  Angle  x  H.E. 

3400 

_  V.I.  X  3400 
Angle 
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2.— MAPS. 


1. — TRUE  NORTH,  MAGNETIC  NORTH,  AND  GRID  NORTH. 

On  the  older  maps  it  was  usual  to  divide  the  map  by  grid 
lines  into  squares,  and  to  shew  in  the  margin  the  True  North 
and  the  magnetic  variation  from  True  North.  It  was  there¬ 
fore  necessary,  in  using  the  map  and  compass  for  field  work, 
to  allow  for  three  things : — 

(a)  True  North  and  Magnetic  North  are  not  the  same. 

In  this  diagram  T.N.  repre¬ 
sents  the  position  of  True  North 
(at  the  North  Pole),  and  M.N. 
represents  the  position  of 
Magnetic  North  (a  point  at 
present  in  the  northern  ex¬ 
tremity  of  North  America). 

If  any  point  P  is  taken  on 
the  Globe,  True  North  will  be 
in  the  direction  of  T.N.  and 
Magnetic  North  will  be  in  the 
direction  of  M.N. 

The  angle  TPM  is  the 
magnetic  variation  for  the  point 
P,  and  not  only  does  this  angle 
vary  for  different  points,  but  it 
also  varies  year  by  year  for 
any  x)articular  point. 

{h)  Each  country  bases  all  its  maps  on  one  particular 
Meridian^  and  all  other  North  a7id  South  lines  are  drawn 
parallel  to  this  Meridian.  All  other  maps,  such  as  the  Trench 
Maps  in  use,  are  enlargements  of  portions  of  an  original  map 
Unis  compiled,  e.g.^  France  bases  its  maps  on  the  True  North 
;uid  Sou  l  b  M.oridian  through  Brussels,  and  the  grid  line 
Uirougb  Hrussc'ls  is  True  North  and  South. 


TN. 
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rs 


But  if  any  other  point  A  is 
taken,  the  line  AB,  though 
parallel  to  NS,  is  not  True  North 
and  South.  The  curved  line 
SAN  is  True  North  and  South. 


_  £  _ When  a  small  part  of  this  map 

is  enlarged  {e,g.  CD)  there  is  no 
/(v  ^  grid  line  on  the  map  w^hich  is 

\  1  True  North  and  South.  The 

F  \  1  deviation  of  the  grid  line  from 

.  M  True  North  must  therefore  be 

^  allowed  for,  and  it  was  usual  to 
\\  insert  this  on  the  maps  at  points 
\\  E  or  F. 

(c)  The  magnetic  'variation  of  a  'particular  compass  is 
rarely  the  same  as  the  correct  variation  (as  was  shewn, 
on  the  map)  for  the  locality  in  'which  it  is  being  used.  The 
compass  has  an  error  which  must  be  deducted  from  or  added 
to  the  correct  magnetic  variation. 

So  l^ong  as  reference  is  made  to  a  True  North,  the  above 
three  things  complicate  work  with  map  and  compass,  e.g., 
suppose  the  machine  gunner  desired  to  lay  out  a^  line  of  fire 
by  compass  to  a  target  shewn  on  the  map.  In  obtaining  the 
bearing  from  the  map  he  had  to  allow  first  for  the  fact  that 
the  grid  lines  were  not  True  North  and  South  (and  this  was 
often  difficult  because  the  difference  was  not  clearly  shewn) ; 
and  secondly  for  the  error  of  his  particular  compass.  Finally 
he  had  to  remember  whether  the  magnetic  variation  had  to  be 
added  or  subtracted.  It  is  therefore  better,  as  is  now  done 
on  maps,  to  omit  True  North  altogether,  and  work  simply  by 
Compass  North  and  Grid  North  as  follows: — 

(i.)  Find  the  magnetic  variation  of  your  compass 
from  the  grid  lines  on  map. 

(ii.)  Measure  all  bearings  with  reference  to  the 
grid  lines  on  the  map. 
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(iii.)  To  convert  a  grid  bearing  into  a  compass 
bearing,  add  (in  France)  the  magnetic  variation  of 
your  compass :  and  conversely  to  convert  a  compass 
bearing  into  a  grid  bearing,  subtract  (in  France)  this 
variation. 

To  fi'nd  the  magnetic  variation  of  a  compass  from  the  grid 
lines  on  the  map. 
c 

Select  two  distant  points  A  an 
B,  which  are  mutually  visible  o 
the  ground  and  which  are  accu¬ 
rately  marked  on  the  map. 

With  the  compass,  take  three 
separate  bearings  from  A  to  B. 

Take  the  mean  of  these  three 
bearings  as  being  the  correct 
magnetic  bearing  of  the  compass 
from  A  to  B  (Say  324°  40'). 

On  the  map.  measure  the  bear¬ 
ing  of  AB  with  reference  to  the 
Grid  North  and  South  line  passing 
through  A  (i .  e. ,  AC) .  ( Say  312°  20' ) . 

Then  the  magnetic  variation  of 
that  particular  compass  from  this 
map,  is324°40'-312°20*  =  12°20C 

Bepeat  the  above  process  on  a  second  object  D,  and  again 
on  a  third  object  E.  Three  values  for  the  compass  variation 
will  thus  be  obtained,  and  the  average  value  may  be  taken  as 
correct. 

Note.  It  will  generally  be  found  that  the  variations  of 
the  compass  obtained  from  different  points  do  not  differ  by 
more  than  30  min.,  and  the  average  value  may  be  taken]  but 
where  the  variations  differ  by  more  than  1  deg.  it  will  be 
necessary  to  note  the  variation  in  each  direction.  This 
difference  is  due  to  the  compass  cards  being  incorrectly 
centred.  Where  the  error  is  considerable  it  is  best  to  procure 
a  uew  compass. 
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The  above  results  can  be  conveniently  arranged  as 
follows :  — 


Map  Location 
from  which 
bearings  are 
taken 

Map  Location 
on  which 
bearings  are 
taken 

Magnetic 

bearing 

Mean 

Magnetic 

bearing 

Grid 

bearing 

Variation 

Average 

Compass 

Variation 

(i.) 

143°  10' 

\ 

1. 

11.21. d. 
42-60 

E.28.C. 

10-14 

(iij 

143°  30' 

143°  20' 

131°  40' 

11°. 40' 

(iii.) 

143°  20' 

2. 

,  say, 

1  12°  5' 

3. 

/ 

) 

The  compass  variation  must  be  found  for  every  new  map 
and  in  every  fresh  locality. 

2.  RESECTION. 

The  position  on  the  ground  being  hnown,  to  find  it  on  the  map. 
Accuracy  is  essential  at  every  stage. 

(i.)  Find  out  your  exact  compass  variation. 

(ii.)  Take  several  accurate  bearings  and  take  the  mean  as 
correct. 

(hi.)  Avoid  metal  likely  to  affect  the  compass  readings. 
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(iv.)  Draw  carefully  with  a  hard  sharp  pencil. 

(v.)  Whenever  possible  fix  the  position  on  the  map  by  the 
detail  close  at  hand  rather  than  by  resection. 


Method  A.  Using  compass, 
f  T6e  Ground  J  ^ 


189^10' 


The  observer  at  D,  wishing 
to  fix  the  position  of  D  on  t  e 
map,  selects  two  points  A  and 
B,  visible  on  the  ground  and 
accurately  marked  on  the  map, 
and  whenever  possible  a  third 
point  G,  which  checks  the  posi¬ 
tion  of  D,  as  fixed  by  AD  and 
BD. 

In  order  to  obtain  accurate 
results,  the  angles  ADB,  ADC, 
should  not  be  greater  than  130° 
nor  less  than  50°,  and  the  points 
A,  B,  G,  must  be  as  close  to  D 
as  possible. 


The  observer  at  D  takes  three  compass  bearings  on  A  and 
finds  the  average  bearing.  He  repeats  this  on  B  and  then  on 

C. 

From  these  bearings  he  obtains  the  grid  bearings  to  A,  B 
and  C,  by  subtracting  his  compass  variations  from  each. 


Obje 

taken 

Average 

Compass 

Bearing 

Grid  Bearing 

A. 

43° 

b 

o 

o 

CO 

1 

B. 

159°  40' 

147°  20' 

1  When  the  grid  variation  of 

1  the  compass  is  12°  20'. 

G. 

i 

289°  10' 

i 

276°  50' 

) 

To  plot  these,  resections,  plot  the  bearings  taken  from  D 
at  the  points  identified  on  the  map,  with  the  protractor  turned 
to  (bo  right  for  bearings  over  180  deg.  and  turned  to  the  left 
for  Ix^arings  under  180  deg.  This  is  quite  simple  with  a 
|)ro(-ru,(d,()r  graduated  in  both  directions. 
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If  the  three  straight  lines  drawn 
from  A,  B  and  C  do  not  intersect 
at  a  point,  it  indicates  (assuming 
the  map  to  be  correct)  either  that 
the  grid  variation  of  the  compass 
has  been  inaccurately  obtained, 
or  that  the  drawing  is  inaccurate. 
If  the  triangle  is  large,  the  whole 
operation  must  be  repeated ;  but 
if  it  is  not  much  larger  than  a 
pencil  point,  the  centre  of  the 
triangle  may  be  taken  as  the 
position  of  D  on  the  map. 


Method  B.  Using  a  range-finding  instrument. 

This  method  is  very  useful  when  it  is  impossible  to  use  a 
compass.  The  instrument  must  be  accurately  adjusted. 


c 


From  D,  the  point  whose 
position  on  the  map  is  desired, 
take  the  range  to  three  points 
A,  B  and  C.  These  should  be 
as  near  as  is  consistent  with 
the  minimum  reading  of  the 
instrume^sit  (250  yards  on  the 
Barr  and  Stroud). 

Then  with  apair  of  compasses 
stretch  the  distance  AD  by  the 
scale  on  the  map,  and  with 
compass  point  at  A,  draw  an 
arc.  Repeat  this  for  B  and  C, 
and  the  point  of  intersection  of 
the  three  arcs  will  be  the 
^3  position  of  D, 


In  this  case  also,  a  triangle  at  D  and  not  a  point, 
indicates  inaccuracy,  and  the  same  rule  applies  as  in 
Method  A. 
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Method  G.  Method  of  su'per -position. 


Ij  sing  a  machine  gun  with  direction  dial^  or  a  compass. 

From  D  find  the  angles  ADB, 
BDC  and  CDA  by  laying  on  A , 
B,  C,  in  succession  and  reading 
off  the  angles  on  the  direction 
dial. 

Then  on  a  piece  of  transparent 
paper  draw  a  line  AD,  and  from 
D  draw  a  line  DB  so  that  the 
angle  ADB  =  the  angle  ADB 
found  above.  Similarly  draw 
DC  making  the  angle  CDB  = 
the  angle  CDB  found  above. 


Place  this  transparent  paper  on  the  map,  so  that  DA 
passes  through  A  on  the  map,  DB  through  B  on  the  map,  and 
DC  through  C  on  the  map.  With  a  pin,  prick  through  the 
point  D,  and  the  point  thus  obtained  will  be  the  position  of 
D  on  the  map. 

Note. — The  best  results  will  be  obtained  when  the  points 
A,  B,  C  are  near  D. 

Instead  of  the  Direction  Dial  the  compass  may  be  used. 
Take  bearings  on  A,  B  and  C.  By  subtracting  the  bearing  of 
A  from  that  of  B  obtain  the  angle  ADB,*  and  by  subtracting 
the  bearing  of  B  from  that  of  C  obtain  the  angle  BDC. 

The  position  on  the  map  being  hnown^  to  find  it  on  the  ground. 


Select  two  points  A  and  B 
which  are  recognisable  on  the 
ground  and  are  marked  on  the 
map. 

On  the  map  join  A  and  B,  to  D. 

Through  D  draw  a  line  parallel 
to  the  grid  lines  of  the  map,  and 
by  laying  the  centre  of  the  pro¬ 
tractor  on  D  find  the  grid  bearings 
from  D  to  A,  and  B.  Convert 
these  bearings  to  compass  bear¬ 
ings,  by  adding  the  compass 
variation.  • 

Then  with  a  compass  variation 
of  12°  20' 

From  D  the  compass  bearing 
to  A  =  45°  +  12°  20'  =  57°  20' 

From  D  the  compass  bearing 
to  B  «  126°  20'  -I-  12°  20'  =138°  40'. 
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Proceed  next  on  the  ground  to  a  point  X,  which  you  imagine  is 

near  the  point  D,  and  take  a 
bearing  on  A.  Then  facing  A, 
if  the  bearing  XA  is  less  than 
67°  20'  you  must  move  to  your 
left ;  if  the  bearing  XA  is  greater 
than  57°  20'  you  must  move  to 
^your  right.  Suppose  then,  that 
'the  bearing  XA  is  too  small, 
you  will  move  to  the  left  until 
a  point  P  is  obtained  such  that 
the  bearing  PA  is  67°  20' .  Then 
the  point  D  must  be  somewhere 
along  the  line  PA.  Place  a  stick 
at  P,  to  fix  the  line  PA.  Take  a 
bearing  from  P  to  B.  If  this  is 
too  great,  then  face  B  and  move 
to  the  right  along  the  line  AP 
until  a  point  D  is  obtained  such  that  the  bearing  DB  is  138°  40'. 

Then  D  is  the  point  required,  because  the  bearing  DA  is 
57  deg.  20  min.,  and  the  bearing  DB  is  138  deg.  40  min.,  which 
was  required. 

Note. — (i.)  As  a  final  check,  the  bearing  on  a  third  point 
should  be  obtained. 

(ii.)  Whenever  possible,  fix  the  position  D  by  detail 
close  at  hand. 

When  the  obliteration  of  all  landmarks  makes  resection 
impossible,  it  is  sometimes  possible  to  get  the'  position  fixed 
by  the  help  of  the  Field  Artillery  or  a  Field  Survey  Company. 


3— SCALES. 

The  word  scale  is  used  to  denote  the  proportion  which  a 
distance  between  any  two  points  on  a  map  bears  to  th*e 
horizontal  distance  between  the  same  two  points  on  the  ground. 
This  same  proportion  can  be  expressed  as  a  fraction  which 
is  called  the  Representative  Fraction  (R.F.). 

Thus  II. F.  =  indicates  that  1  unit  on  the  map  represents 

20,000  of  the  same  unit  on  the  ground. 

A  sketch  should  always  have  a  scale  attached,  which,  for 
cpnvcnience  of  use,  should  be  about  6  in.  in  length. 
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To  construct  a  scale  of  12  inches  to  the  7nile,  showing 
<livisions  of  100  yards  and  sub-divisions  of  20  yards:  — 

Sirst,  find  how  many  yards  are  represented  by  6  inches. 

12  inches  represents  1,760  yards. 

6  inches  represents  880  yards. 

Then,  as  the  scale  must  be  divided  into  hundreds  of  yards, 
make  the  scale  to  represent  800  yards. 

Secondly,  find  what  length  of  line  will  represent  800  yards. 

1,760  yards  are  represented  by  12  inches. 

12 

1  yard  is  represented  by  -  inches. 

1,7d0 

12  800 

800  yards  are  represented  by  x  inches. 


Then  the  scale  must  be 


12  X  800 
1,760 


1,760 
=  5-45  inches. 


Thirdly,  draw  a  line  5-45  inches,  and  divide  it  into  8  equal 
parts,  each  division  representing  100  yards.  Divide  the  left 
division  into  5  equal  parts,  each  representing  20  yards. 


M ethod  of  dividing  the  scale  into  parts  :  — 

Draw  AB  =  5-46  inches. 

Draw  AC  =  4  inches  (this  length  being  easily  divisible 
by  8),  and  divide  AC  into  eight  equal  parts. 

Draw  BD  =  AC  and  parallel  to  AC  and  divide  it  also 
into  eight  equal  parts. 

Then  by  joining  the  corresponding  divisions  of 
AC  and  BD,  the  line  AB  will  be  divided  propor¬ 
tionately  as  desired. 

Similarly,  by  dividing  the  left  divisions  of  AC 
and  DB  into  5  equal  parts  and  joining  up  the 
(•.on-csponding  sub-divisions,  the  left  division  of  AB 
will  be  subdivided  as  desired. 
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4.— CONTOUBS. 

1.  DEFINITION. 

The  representation  of  an  imaginary  line  running  along 
the  surface  of  the  ground,  at  the  same  height  above  mean  sea- 
level  throughout  its  length.’’ 

Only  a  certain  number  of  these  lines  are  drawn  on  the 
map,  and  the  heights  of  intermediate  points  must  be 
estimated.  Generally  on  our  maps  of  1/10,000  and  1/20,000, 
contours  shew  each  vertical  distance  of  10  metres,  which  is 
called  the  Vertical  Interval  between  the  contours. 

2.  EXAMINATION  OE  A  MAP. 

(i.)  Contours  indicate  the  relative  steepness  of  slopes. 


slope  along  BA  will  be  steeper  than  that  along  CA. 

(ii.)  Contours  indicate  the  form  of  the  surface  of  the  ground. 


Contours  equidistant. 
Slope  uniform. 


II. 

Contours  becoming 
closer,  going  from  high  to 
low  ground  Surface  is 
convex  and  there  will  be 
dead  ground. 


III. 


Contours  becoming 
wider,  going  from  high  to 
low  ground.  Surface  con¬ 
cave,  and  there  will  not 
be  dead  ground. 
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(iii. )  Irom  contours  the  gradient,  or  steepness  of  slope,  can 
bo  calculated. 


(AB  =  500  yards). 

Example : — The  slope  A  to  B  is  required. 

Suppose  AB  =  500  yards.  (=  ZY). 

B  is  20  metres  =  22  yards  above  A.  {==  XY). 

X  Then  the  gradient  is  “22  in 

500,”  or  written  as  a  fraction 
ZZy€s  —  _  1  The  steepness  of 

500  22  •  7  the  slope  can  also 
Y  be  measured  by  the  angle  XZY. 

(See  Section  45.) 


Angle  XZY  (in  minutes)  =  ^  x  3,400  x  3,400  =  149' 

Practical  uses. 

(a)  Knowing  the  gradient,  it  is  possible  to  judge  whether 
a  road  on  a  reverse  slope  in  the  enemy’s  territory  will  be  used 
by  transport  or  not;  for  it  is  very  improbable  that  a  gradient 
greater  than  1-10  (A 6.,  6  deg.)  will  be  used.  From  this  we 
can  decide  whether  to  fire  on  the  road  or  not. 

{h)  The  steepness  of  a  slope  will  decide  in  the  selection 
of  routes  for  transport. 

If  the  gradient  is  1-20  {i.e^^  3  deg.),  even  on  a  good  road, 
time  must  be  allowed  to  breathe  the  horses. 

On  a  gradient  of  1-10  (A 6.,  6  deg.),  a  horse  can  only  draw 
one  quarter  of  the  load  it  can  draw  on  the  level. 

(c)  Knowing  the  slope  of  the  ground  fired  on,  several 
deductions  can  be  made  of  probable  fire  effect.  {See  Fire 
effect  in  relation  to  slope  of  ground.”  Sec.  49,  para.  2.) 

(iv.)  From  contours,  one  can  find  whether  two  points  are 
mutually  visible. 

Example: — See  Diagram  in  (hi.). 

Is  llir‘  f)oint  D  visible  from  the  point  A1  C  is  the  point 
likely  l-<»  en,use  the  obstruction. 
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I  Now  AC  =  950  yards,  and  AD  =  1,600  yards. 

I  C  is  40metres  =  44  yards  above  A,  and  D  is  50  metres  ==  55  yards 

I  above  A. 

I  the  angle  of  sight  from  A  to  C  =  x  — =  157  minutes, 

950  1 

'  and  the  angle  of  sight  A  to  D  =  x  3,400  ^  117  minutes. 

Then  as  the  angle  of  sight  from  A  to  C  is  greater  than 
I  that  from  A  to  D,  the  point  D  is  not  visible  from  A. 

The  practical  use  of  the  above  would  be  in  selecting 
routes  of  advance  either  for  troops  or  for  transport.  For 
instance  in  the  previous  diagram,  suppose  we  hold  C  and  the  * 
enemy  holds  A,  it  would  be  safe  for  troops  to  cross  D,  although 
D  is  the  highest  point  in  the  vicinity,  because  D  cannot  be 
\  seen  from  A. 


(v.)  From  a  contoured  map,  sections  of  the  country  can 
be  made. 


20 


Sec.  4. 

in  the  above  contours,  to  make  a  section  from  A  to  B : — 

Join  AB  on  the  map. 

Draw  CD  =  AB,  marking  the  points  where  each 
contour  cuts  AB. 

Draw  DE  to  some  convenient  scale  to  shew  the 
vertical  intervals  of  the  contours.  Plot  in  the  vertical 
section  of  the  ground:  and  then  insert  details  that 
are  likely  to  be  of  practical  value. 

A  section  thus  constructed  will  be  useful,  for  example, 
for  shewing  troops  the  kind  of  ground  over  ,which  they  have 
to  advance,  especially  if  aeroplane  photographs  are  difficult 
to  obtain. 

For  purposes  of  study,  the  construction  of  such  sections 
is  one  of  the  best  ways  of  appreciating  the  different  problems 
connected  with  contours. 


CHAPTER  III. 

FIRE  DIRECTION. 

6.— THEORY  OP  FIRE. 

1.  TECHNICAL  TEEMS. 

Axis  of  the  hore. — ^An  imaginary  line  following  the  centre 
of  the  bore  from  breech  to  muzzle. 

Line  of  sight. — The  straight  line  passing  through  the 
sights  and  the  point  aimed  at. 

Trajectory.~T\iQ  curved  path  taken  by  the  bullet  in  its 
flight  to  the  target. 

Cone  of  fire. — The  figure  formed  in  the  air  by  the 
trajectories  of  the  outermost  shots  of  a  burst  of  fire. 

Guhninating  point.— highest  point  of  the  trajectory 
above  the  line  of  sight. 

Its  position  is  approximately  6-10  of  the  range. 

First  catch. — The  point  where  the  lowest  bullet  has 
descended  sufficiently  to  strike  the  head  of  a  man,  whether 
mounted,  standing,  kneeling,  lying,  etc. 

First  graze. — The  point  where  the  lowest  bullet,  if  not 
interfered  with,  will  first  strike  the  ground. 

Beaten  zone. — The  area  of  ground  beaten  by  a  cone  of  fire, 
(i.)  The  length  is  great  compared  with  the  width, 
(ii.)  The  dimensions  of  the  beaten  zones  of  the 
Vickers  gun  have  never  been  satisfactorily  measured, 
and  recent  experiments  with  average  guns  and 
average  firers  indicate  that  the  beaten  zones  are 
longer  and  narrower  than  the  official  dimensions  in 
Appendix  lY.,  Table  I. 

Effective  hea.ten  zone.—Th.Q  area  of  ground  beaten  by  the 
best  75  per  cent,  of  the  shots. 

The  term  used  to  express  the  lateral  deviation  of 
the  bullet,  brought  about  by  its  gyroscopic  action,  after  it 
has  left  the  barrel.  Experience  indicates  that  for  purposes  of 
machine  gun  fire  drift  need  not  be  taken  into  consideration. 

Angle  of  sight. — The  angle  contained  between  the  line  of 
sight  and  the  horizontal  plane. 
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Angle  AGB  =  angle  of  sight  for  target  A. 

Angle  BGC  =  „  „  „  „  °  c. 

By  convention,  the  angle  is  said  to  be  positive  (-F-)  when  the 

htwif  negative  (-)  when  the  target  Is 

below  the  H.P,,  through  the  gun  position. 

Angle  of  tangent  elevation.~Th^  angle  between  the  axis 
01  the  bore  and  the  line  of  sight. 


T.E.  is  the  angle  of  tangent  elevation. 

Angle  of  quadrant  elevation.-1h^  angle  between  the  axis 
of  the  bore  and  the  horizontal  plane. 


Relation  between  angles  of  quadrant  elevation  (QE) 
angle  of  tangent  elevation  {T.E.),  and  angle  of  sight. 

(a)  Target  above  gun.  ' 


By  definition:  — 

Angle  BGP  ==  Angle  of  quadrant  elevation. 

Angle  BGT  =  Angle  of  tangent  elevation. 

Angle  TGP  =  Angle  of  sight. 

Then  QE  =  TE  +  S. 

i.e.,  When  the  target  is  above  the  gun,  the  angle 
<d*  quadrant  elevation  is  equal  to  the  angle  of 
hiriKciit  elevation,  plus  the  angle  of  sight. 
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(b)  Target  below  gun. 


By  definition :  — 

Angle  BGP  =  Angle  of  quadrant  elevation. 

Angle  BGT  ==  Angle  of  tangent  elevation.  . 

Angle  PGT  =  Angle  of  sight. 

Then  QE  =  TE  -  S. 

i.e.^  Wlien  the  target  is  belo^v  the  gun,  the  angle  of  quadrant 
elevation  is  equal  to  the  angle  of  tangent  elevation  minus  th^ 
angle  of  sight. 

Generally,  then,  the  relation  can  be  expressed  by  the  following 
formula  : — QE  =  TE  S. 


Angle  of  descent. — The  angle  which  the  tangent  to  the 
trajectory,  at  the  point  of  impact,  makes  with  the  line  of 
sight. 


GT  -  line  of  sight.  DT  is  the  tangent  to  the 

GOT  =  trajectory.  trajectory  at  the  point  of 

T  =  point  of  impact.  impact. 

Then  angle  DTG  =  Angle  oPdescent. 

*  For  all  practical  purposes  this  can  be  calculated  in  the 
following  manner  :  —  ^ 


OBT  is  the  trajectory. 

AT  —  line  of  sight. 

DT  ^  tangent  at  point  of  impact. 

Then  if  AT  ==  100  yards,  the  trajec¬ 
tory  BT  will  be  practically  coincident 
with  the  tangent  DT,  and  we  can 
assume  that  the  angle  BTA  =  DTA. 
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TIk)  distance  BA  can  be  found  for  any  range,  from  the 
'Trajectory  Table  ‘2  A.  (Appendix  IV.) 

E  A 

Then  angle  BTA  =  ^  x  3,400  =  Angle  of  Descent. 

Example: — Find  the  angle  of  descent  for  1,800  yards. 
From  Table  2  A  find  the  height  BA,  i.e.^  the  height  of  the 
1,800  yards  trajectory  at  1,700  yards.  This  equals  12  yards. 

E  A  1  9'*" 

Then  angle  of  descent  =  x  3,400 -  x  3,400  =  408  min. 

AT  100 

(Compare  Table  I.,  Column  3). 

Dangerous  space. — For  one  bullet,  the  dangerous  space 
is  the  distance  between  the  first  catch  and  the  first  graze. 
In  a  burst  of  machine  gun  fire  the  danger  zone  is  an  area 
equal  to  the  beaten  zone,  plus  the  area  formed  by  the 
dangerous  space  for  each  bullet. 

2.  FIEE  EFFECT  IN  RELATION  TO  SLOPE  OF  GROUND. 

On  level  ground  the  length  of  the  beaten  zone  varies 
considerably  with  the  range ;  but  also  at  any  particular  range 
the  length  of  the  beaten  zone  varies  with  the  inclination  of 
the  ground  to  the  line  of  sight. 


Suppose  AB  is  the  length  of  the  beaten  zone  along  the 
line  of  sight  GAB.  Then  it  is  clear  that  if  the  reverse  slope 
AC  be  engaged,  the  beaten  zone  produced  along  this  reverse 
slope  by  the  same  cone  of  fire  will  be  AC,  and  will  exceed  AB. 

Suppose,  also,  that  DA  represents  the  length  of  the 
dangerous  space  when  firing  along  GAB,  then  EA  will 
r(q)resent  the  length  of  the  dangerous  space  when  firing  on 
tlic  reverse  slope. 

Along  the  line  of  sight,  therefore,  fire  effect  will  be 
pr(»(ln(‘(‘d  for  a  distance  DB,  but  on  a  reverse  slope  fire  effect 
will  b(^  produced  for  a  distance  EC,  and  this  distance  (as  will 
bn  fdlou  n  ln  l(M*)  will  greatly  exceed  DB. 
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On  a  reverse  slope  the  ratio  of  the  length  of  AC  to  that 
()l  AH  at  any  range  can  be  found  as  follows:  — 


A(] 
A  li 


Angle  of  descent 


FBA 


Alight  of  descent  -  Angle  of  slope  of  ground  “  FBA  -  BAG 
I'l.t'it tuple  : — Range  2,000  yards, 

14 


Slope  of  ground  1  in  14. 
Note. — If  the  ground  slopes 
1  in  14,  the  angle  of  slope 

=  X  3,400  =  25r. 

14 


Also  auyle  of  descent  at  2,000  yards  =  641'. 
AO  ^  541  _  ^ 

AJi  '  541  -  251  “  290 


=  1*8, 


Ml  o  ^  is  1*8  times  {i.e.,  nearly  twice)  the  length  of  AB 

at  2,000  yards  when  the  ground  slopes  1  in  14. 


7' hr.  forward  slope. 


Again  let  AB  represent  the  length  of  the  beaten  zone 
along  the  line  of  sight  GAB.  Then  AC  will  represent  the 
l('ngtli  of  the  beaten  zone  produced  by  the  same  cone  of  lire 
a, long  the  forward  slope  AC. 

Also,  if  DA  I’epresents  the  dangerous  space  along  the  line 
of  sight,  EA  will  represent  it  along  the  forward  slope. 

In  all  cases  on  a  forward  slope,  the  length  of  ground 
<'ff(‘.ctively  engaged  {i.e.,  EC)  will  be  less  than  on  the  line  of 
sight  (i.e.,  DB). 

( )n  a  forward  slope,  the  ratio  of  the  length  of  AC  t^ that 
of  AB  is  found  as  follows:  — 

Ad _ Angle  of  descent _  CBA 

Ali  Angle  of  descent  +  Angle  of  slope  of  ground"" CBA  +  CAB 

tuple  :  Range  1,500,  Slope  of  ground  1  in  12  (i.e.,  angle  of 
ulopn  298').  ^ 

AC  _  251 _ 251  5 

AH  251  1  298  “  549  ”  11  ^ 

TIiiih  AC  will  be  less  than  half  the  length  of  AB,  at  1,500  yards 
wlinii  Min  ground  slopes  1  in  12. 
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3.  ('LIMATIC  INFLUENCES  AND  THEIR  ALLOWANCES. 

,,  f9llowiiig  are  the  normal  atmospheric  conditions  for 

tlie  lighting  of  Small  Arms:  — 

(i.)  Barometric  pressure.  30  inches.  (Sea  level.) 
(ii.)  Temperature.  60  deg.  Fahrenheit. 

(iii.)  Still  air. 

(iv.)  A  horizontal  line  of  sight. 

(A)  Atmospheric  variations  that  affect  elevation. 

When  the  barometer  rises  above  30  inches,  more  elevation 
than  IS  normally  required  for  the  distance  will  be  necessary, 
owing  to  the  greater  resistance  offered  to  the  bullet  by  the 
denser  atmosphere.  If  the  barometer  falls  below  30  inches  as 
IS  the  case  in  damp  weather,  or  at  a  height  above  sea  level,  less 
elevation  will  be  required,  as  the  atmosphere  will  offer  reduced 
resistance  to  the  bullet.  In  the  same  manner  the  bullet  meets 
with  less  resistance  in  hot  weather  when  the  thermometer  is 
high,  and  greater  resistance  in  cold  weather  when  it  is  low. 

(i.)  The  following  rule  for  correction  in  case  of  variation 
in  barometric  pressure  is  approximately  correct: — 

For  every  inch  the  barometer  rises  or  falls  above 
or  beloiv  30  inches,  add  or  deduct  1\  yards  for  each 
100  yards  of  range. 

When  the  barometer  rises,  dbM—vice  versa. 

Example:— 2,000  yards.  Barometer,  29  inches. 

Allowance  ==  1  x  IJ  x  20  =  30  yards.  (Deduct  this.) 

Corrected  range  =  1,970  yards. 

(ii.)  The  following  rule  fbr  correction  in  case  of  variation 
in  temperature  is  also  approximately  correct:  — 

For  every  degree  which  the  temperature  rises  or 
falls  above  or  helow  60  deg.,  deduct  or  add  1-10  yards 
for  each  100  yards  of  range. 

Example  \~%\m  yards.  Temperature,  50  deg. 

Allowance  =  (60  -  50)  x  (^]^) 

1  10  21 

=  IQ  X  T  X  =  21  yards.  (Add  this.) 

Corrected  range  =  2,121  yards. 

(iii.)  The  following  rule  for  correction  in  case  of  head  or 
(•('nr  winds  is  approximately  correct:  — 

Allowance  Speed  of  wind  in  miles  per  hour  x  Time  of  flight. 

ill  yards  '  2  ~ 
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If  an  oblique  wind,  divide  the  speed  by  two,  and  call  it 
head  or  rear,  as  the  case  may  be.  (See  also  Note  (iv.)  below.) 

Example:—Wind  from  left  front  at  20  M.P.H.  Eange 
1,950  yards.  This  wind  is  equivalent  to  a  head  wind  of  10 

M.P.H. 

10  X  6 

Then  allowance  =  ^  “  ^0  yams. 

Corrected  quadrant  elevation  =  1,980  yards. 

Table  4,  Appendix  IV.,  has  been  introduced  to  save  these 
lengthy  calculations,  and,  with  practice,  the  corrected  rapge 
for  any  atmospheric  conditions  can  be  worked  out  in  less  than 
half  a  minute. 

(B)  Atmospheric  variations  that  affect  direction. 

A  side  wind  acts  on  the  greater  surface  of  the  bullet,  and 
has  consequently  more  influence  on  its  flight  than  a  wind 
blowing  from  the  front  or  rear. 

One  must  also  note  that,  owing  to  the  increased  time 
during  which  the  bullet  is  exposed  to  the  effect  of  wind,  and 
to  the  height  attained  in  its  flight,  the  allowance  for  wind  at 
long  range  is  out  of  all  proportion  to  that  necessary  at  short 
range. 

The  following  table  will  act  as  a  rough  guide:—  _ 


LiATKKAii  AiiiiOWANCES.  (c /.  Table  5,  App.  IV.) 


Range. 

Mild. 

10  M.P.H. 

Fresh. 

20  M.P.H, 

Strong. 

30  M.P.H. 

Yards. 

Yards, 

Minutes, 

Yards. 

Minutes. 

Yards. 

Minutes, 

500 

1 

5 

n 

10 

2 

15 

^,000 

3 

10 

6 

20 

9 

30 

1,500 

6 

15 

12 

30 

18 

45 

2,000 

12 

20 

24 

40 

36 

60 

2,500 

24 

30 

48 

60 

72 

90 

Notes  :  — 

(i.)  Halve  the  allowances  for  oblique  winds.  {See 
Note  iv.) 

(ii.)  For  direct  fire  the  minutes  of  angle  should  be  used  in 
conjunction  with  a  card  and  string,  in  order  to  obtain  an 
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uii.xiliary  aiming  mark.  If  there  is  no  aiming  mark  available 
use  the  following  rough  rule  :  — 

Assume  the  following  factors: — Mild  2.  Fresh  3. 
Strong  4.  Then  multiply  the  range  by  the  appropriate 
factor,  and  the  first  figure  of  the  answer  gives  the 
taps  required. 

Example  : — Fresh  wind  at  1,500  yards  : 

1,500  X  8  =  4,500:  Order  4  taps. 

(iii.)  For  indirect  fire  make  the  allowance  in  minutes  of 
angle,  either  by  the  Deflection  Bar  Foresight,  or  with  a  T  ’’ 
Aiming  Mark  placed  Oj  yards  away,  so  that  one  inch  lateral 
distance  will  represent  10  minutes. 

(iv.)  The  rule  that  oblique  winds  should  be  halved  in  order 
to  find  the  equivalent  head,  rear,  or  side  wind  is^  only  very 
approximately  correct,  and  when  greater  accuracy  is  required 
the  following  table  should  be  employed  to  determine  what 
ratio  of  the  wind  will  act  in  the  direction  of  the  line  of  fire, 
i.e.,  affect  the  elevation,  and  what  ratio  will  act  at  right 
angles  to  the  line  of  fire,  i.e.^  affect  the  direction. 


BA  gives  the  line  of  fire. 

The  direction  of  the  wind 
may  be  CB  or  BO. 
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Angle  A.B.C. 

Ratio  of  wind  affecting 
elevation. 

Ratio  of  wind  affecting 
direction. 

10°  1 

20° ! 

1 

30°  ] 
40°  j 

1 

1 

50° 

60° 

i 

.  i 

i 

70° 

80° 

1 

1 

Example:— Kn  oblique  head  wind  of  20  miles  per  hour  is 
blowing  at  an  angle  of  30  deg.  to  the  line  ^hen 

this  is  equivalent  to  a  head  wind  of  20  x  4,  ^.6.,  15  M. Jr.xi.,  an 
a  side  wind  of  20  x  i.e.^  10  M.P.H. 

((7)  Ejfect  of  not  having  a  horizontal  line  of  sight. 

As  previously  stated,  one  of  the  normal  conditions  under 
which  a  machine  gun  is  sighted  is  that  the  line  of  sight  shall 
be  horizontal.  When  this  condition  obtains,  the  forces  acting 
on  the  bullet  cause  it  to  travel  on  its  greatest  curve,  and  the 
elevation  for  any  given  distance  must  therefore  be  given  to  the 

When  firing  up  or  down  hill,  the  tangent  elevation 
required  gets  less  as  the  angle  of  sight  increases,  antil  when 
firing  vertically  upwards  or  downwards  no  tangent  elevation 
is  required  at  all. 

It  is  very  improbable  that  it  will  be  found  necessary  to 
engage  a  target  at  an  angle  of  sight  of  more  than  10  deg 
(except  hostile  aircraft,  which  is  provided  for  on  the  special 
sights  issued),  and  it  also  happens  that  no  allowance  need  be 
made  for  angles  of  sight  less  than  10  deg.  Hence  no  table 
for  correction  is  necessary. 

4.  RESULTS  OF  RECENT  EXPERIMENTS. 

Experiments  made  to  examine  the  behaviour  of  the  bullet 
at  ranges  of  about  .3,000  yards  proved  that  fire  at  over  that 
range  will  be  of  very  little  value. 

The  shape  and  size  of  each  beaten  zone  would  appear  to 
vary  with  each  burst  fired,  and  the  area  beaten 
large  This  is  no  doubt  due  to  the  fact  that  the  bullets  attain 
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ii  gi’oat  height,  and  are  influenced  by  many  varying  air 

CUITMUltS. 

Pile  bullet  also  appears  to  fall  sideways,  sometimes 
pointing  to  the  right  and  sometimes  to  the  left,  indicating 
that  it  has  ceased  to  rotate  with  its  point  foremost. 

The  power  of  penetration  was  also  tested,  and  the  bullet 
was  able  to  penetrate  into  1^  inches  of  soft  wood. 

On  the  other  hand,  barrage  demonstrations  at  2,500  and 
2,600  yards  prove  that  accurate  and  effective  firing  can  be 
produced  at  these  ranges. 

Other  experiments  showed  that  new  barrels  shoot  higher 
than  old  ones,  and  that  after  20,000  rounds  the  bullets  drop 
short  about  5  per  cent,  of  the  range. 

6.— COMBINED  SIGHTS,  SEARCHING  AND 
TRAVERSING. 

1.  PERMISSIBLE  AND  PROBABLE  ERRORS  IN  RANGE  FINDING. 


(a)  Permissible  error  in  range  finding. 


Suppose  a  target  is  being  engaged  which  is  1,000  yards 
away.  Then  if  the  centre  of  the  effective  beaten  zone  hits  the 
target  (T)  the  lowest  shot  of  the  E.B.Z.^  will  hit  the  ground 
70  yards  short  of  the  target,  and  the  highest  shot  70  yards 
beyond  the  target,  because  the  length  of  the  E.B.Z.  is  140 
yards. 

If  now  the  centre  of  the  E.B.Z.  falls  70  yards  short,  the 
highest  shot  only  will  hit  the  target  (Tl). 

Or  if  the  centre  of  the  E.B.Z.  falls  70  yards  beyond  the 
target  (T2),  only  the  lowest  shots  will  hit  the  target. 

It  is  clear  then,  that  if  an  error  of  more  than  70  yards  is 
made  in  ol)taining  the  distance  to  the  target  (T),  the  whole  of 
tli(^  (ire  effect  will  be  lost,  because  the  target  will  not  be  hit. 
Hev<‘iil,y  yai’ds  can  be  called  the  permissible  errors,  and  it  is 
hnir  I  lie  lenglli  of  the  effective  beaten  zone. 


3] 


Sec.  (). 

In  general,  the  length  of  beaten  zone  decreases,  as  the 
range  increases,  and  consequently  the  permissible  error 
decreases  as  the  range  increases. 

(^)  Frohahle  error  in  range  finding. 

Whether  the  fire  be  direct  or  indirect,  the  range  to  any 
given  target  can  rarely  be  obtained  with  complete  accuracy, 
and  the  magnitude  of  this  probable  error  depends  on  the 
method  employed  in  obtaining  the  range. 

The  following  table  will  act  as  a  rough  guide : — 


(i.)  Using  range-finding  instrument,  5  per  cent,  error, 
(ii.)  Using  a  range  card  built  up  from  l^y  ranges, 
the  key  ranges  being  found  by  instfument, 
and  the  intermediate  ranges  by  judging 
distance  ...  ...  ...  10  per  cent,  error. 


(hi.)  Judging  distance  (by  eye)  .. 

(iv.)  Using  1/10,000  map . 

(v.)  Using  1/20,000  map  ... 


15  per  cent,  error. 


Within  5  per  cent. 


This  means  that  we  can  never  look  upon  our  target  as 
a  point,  for  there  will  always  be  a  certain  length  in  which  the 
target  may  lie. 


For  Example: — Suppose  with  a  range-finding  instrument 
we  decide  that  the  range  to  a  certain  target  is  1,000  yards. 


950  lOOO  J05C 


A  b 

Then  as  an  error  of  5  per  cent,  may  have  been  made  either 
way,  the  target  may  be  anywhere  between  the  points  A  and  B  ; 
and  to  ensure  hitting  the  target,  we  must  produce  fire  effect 
on  the  whole  of  the  line  AB. 

AB  in  this  case  is  twice  the  probable  error,  and  =  2  x  5  per 
cent,  of  the  range. 

It  is  clear  that  the  greater  the  range,  the  greater  the 
probable  error  will  be.  For  example,  in  this  case  considered 
above,  the  probable  error  is  50  yards,  but  if  the  range  had 
been  2,000  yards,  the  probable  error  would  have  been  lOQ 
yards. 
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M’o  consider  the  permissible  and  probable  errors 

SxamjDle: — Bange  2,000  yards,  using  range-finding 
iiisl/ruinent. 

(U’ound  to  be  searched  =  2  x  5%  of  range  =  200  yards, 
i^ermissible  error  =  35  yards. 

Example: — Kange  1,500  yards,  using  key  ranges. 

Ground  to  be  searched  =  2  x  10%  of  range  =  300  yards. 
Permissible  error  —  40  yards. 

Example: — Kange  1,000  yards,  using  judging  distance 
method. 

Ground  to  be  searched  =  2  x  15%  of  range  =  300  yards. 
Permissible  error  =  70  yards. 

Therefore,  in  practically  all  cases,  it  is  necessary  to 
increase  the  depth  of  the  beaten  zone  considerably  in  order 
to  ensure  fire  effect. 

There  are  two  methods  of  doing  this : — 

(а)  Combined  sights. 

(б)  Searching. 

2.  COMBINED  SIGHTS. 

Definition: — The  method  of  engaging  any  required  depth 
of  ground  by  applying  simultaneously  overlapping  zones  of 
fire  from  two  or  more  guns. 

The  depth  of  the  beaten  zone  is  increased  by  ordering 
different  elevations  to  be  used  by  each  gun,  while  each  uses 
the  same  aiming  mark. 

In  direct  fire  these  different  elevations  are  put  on  by 
ordering  each  gun  to  fire  with  a  different  elevation  on  the 
tangent  sight.  In  indirect  fire  the  same  effect  is  produced 
by  ordering  a  different  quadrant  elevation  for  each  gun. 

Rule  for  combined  sights. 

Alw’^ays  use  as  many  guns  as  possible,  with  100  yards’ 
differences  if  the  error  in  range  finding  is  probably  consider¬ 
able,  and  with  50  yards  differences  if  the  error  in  range 
finding  is  probably  small.” 

Explanation  of  the  result  produced. 

Example: — Kange  1,500  yards  (as  found  by  range-finding 
instrument)  3  guns  available. 

50  yards  differences  will  be  used.  (Kiile 
above). 
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Then  for  direct  fire,  the  order  will  be: — 

“  1450  yards —  50  yards  differences.” 

F or  indirect  fire,  the  order  will  be : — 

“  Elevation  2°  5'  — 10'  differences. 

(The  angle  of  sight  is  assumed  to  be  nil :  the  tangent 
elevation  for  1,450  yards  =  2°  5',  and  that  for  1,550  yards 
-2°  25'.) 

In  each  case  the  result  at  the  target  will  be  as  follows : — 
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AB  =  150  yards  =  Ground  to  be  searched  =  (2  x  5%  of  range). 

CD  =  Depth  of  E.B.Z.  produced  =  ISO  yards. 

EE  =  Length  of  each  E.B.Z.  =  80  yards. 

From  this  diagram  it  is  clear  that  the  likelihood  of  hitting 
the  target  (which  lies  between  A  and  B)  is  greatly  increased, 
but,  as  the  fire  is  spread  out,  the  density  will  be  greatly 
diminished.  Consequently,  whenever  observation  of  fire  can 
be  obtained,  the  controller  must  cease  using  combined  sights, 
and  fire  with  all  the  guns  at  the  correct  elevation  to  hit  the 
target. 

Combined  sights  is  specially  useful  when  surprise 
effect  is  desired,  because  each  portion  of  the  ground  in  which 
the  target  probably  lies  is  beaten  simultaneously. 

Note. — When  the  target  is  itself  a  depth  of-  ground,  e.g., 
a  wood,  combined  sights  will  be  maintained,  even  though  fire 
effect  on  a  particular  part  of  the  target  has  been  observed. 
(See  para.  4  below.) 


3.  SEAKCHING. 

Definition: — The  method  of  engaging  any  required  depth 
of  ground  by  applying  successively  overlapping  zones  of  fire 
from  one  gun. 

On  comparing  this  method  with  combined  sights,  it  will 
be  seen  that  searching  is  of  little  value  when  surprise  effect 
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i'l  (I (‘Hired,  because,  whereas  in  combined  sights  each  part 
of  I  he  target  is  engaged  simultaneously,  in  searching  each 
part  of  the  target  is  engaged  successively. 

C  D 

I  > 


Suppose  the  target  lies  somewhere  between  the  points  A 
and  B ;  then  to  ensure  hitting  it,  the  whole  distance  AB  must 
be  engaged. 

The  firer  places  a  burst  on  A,  then  elevates  his  gun  and 
places  another  on  C,  then  on  D,  and  continues  until  the  whole 
line  has  been  covered. 

It  requires  much  skill  on  the  part  of  the  firer  to  avoid 
gaps  between  bursts,  and  proficiency  can  only  be  obtained 
by  constant  practice  on  the  25  yards’  range. 

The  firer  is  taught  on  the  25  yards’  range  to  turn  the 
elevating  wheel  after  firing  a  burst,  so  that  the  next  burst  of 
fire  is  two  inches  above  the  first.  This  is  called  the  ''  Normal  ” 
or  Two-inch  ”  turn. 


G  is  the  gun  position. 


A  and  B  the  positions  on  the  target  of  two  bursts  of  fire, 
the  necessary  elevation  being  given  to  the  gun  after  the  first 
burst  to  raise  the  point  of  impact  to  B,  which  is  two  inches 
above  A. 

Using  the  V.I.  formula  :  — 

2  X  3400 

The  angle  B.G.A.  =  25U< — ^  ^  minutes  ("nearly) 

i.e.,  the  tiuo-inch  turn  elevates  the  gun  eight  minutes. 

Alterations  in  elevation  are  made  by  turning  the  elevating 
wli(M‘.l,  and  it  must  be  impressed  on  the  firer  that  the  required 
tm  n  in  a  v(u\v  small  one. 
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For  example,  when  firing  at  1,100  yards  (tangent  eleva¬ 
tion  73  min.),  an  elevation  of  13  min.  will  throw  the  beaten 
zone  100  yards  forward  (because  the  tangent  elevation  for 
1,200  yards  is  86  min.).  As  two  normal  turns  of  the  wheel 
elevate  the  gun  by  16  min.,  the  firer,  if  not  properly  trained, 
will  probably  elevate  for  more  than  this  between  bursts,  and  so 
leave  gaps  between  the  beaten  zones  on  the  target. 

The  firer  should  also  be  trained  to  apply  his  fire  in  suitable 
volume.  Suppose  the  target  is  1,200  yards  away  and  a  burst 
of  5  rounds  is  fired.  The  length  of  the  ground  covered  by  that 
beaten  zone  may  be  240  yards,  and  the  width  is  7  yards,  and  it 
is  clear  that  the  effect  of  5  bullets  on  such  a  large  area  will  be 
very  small.  Bursts  of  20  or  30  rounds  should  be  fired,  or 
even  more,  if  there  is  reason  to  suppose  that  the  target  is  a 
dense  one.  • 

When  searching  is  being  employed  to  overcome  errors 
in  range-finding  (the  object  at  present  under  discussion)  the 
following  is  the  procedure : — 

The  controller  decides  between  what  limits  the 
target  lies  (say,  between  1,200  yards  and  1,500  yards). 

He  then  orders  range  to  near  limit  (t.e.,  1,200 
yards). 

Then  he  indicates  the  target. 


No.  1  aims  at  target  with  smaller  range  (1,200  yards). 

Controller  then  orders  range  to  far  limit  (1,500  yards). 

No.  1  alters  his  sights  to  1,500  yards  without  elevating 
the  gun. 

No.  1  fires  bursts  and  elevates  until  aiming  at  the  target 
with  1,500  yards. 

Then,  providing  that  the  target  lay  between  1,200  yards 
and  1,500  yards,  it  will  have  been  effectively  engaged. 

4.  There  is  also  another  important  use  of  combined  sights 
and  searching,  which  arises  when  the  target  is  itself  longer 
than  the  beaten  zone  which  can  be  produced  by  one  gun. 

In  this  case  the  total  length  of  ground  which  must  be 
searched  can  be  found  by  adding  the  length  of  the  target  to 
twice  the  probable  error. 
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When  using  combined  sights,  a  point  in  the  centre  of 
the  target  will  be  emplo.yed  as  an  aiming  mark  (if  the  centre 
is  not  visible,  the  near  end),  and  the  controller  will  decide 
from  the  number  of  guns  available  and  from  the  length  of  the 
target,  whether  he  should  use  100  yards  or  50  yards  differences 
in  order  to  cover  the  whole  target. 

If  the  target  is  on  a  forward  slope  it  will  generally  be 
advisable  to  use  100  yards’  differences,  in  order  to  counter¬ 
balance  the  shortening  of  the  beaten  zone  which  arises  when 
firing  on  such  a  slope. 
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Example: — ^AB  is  a  road,  the  near  end  being  1,200  yards 
and  the  far  end  1,600  yards  from  the  gun. 

Then  although  a  distance  CD  (400  yards)  is  covered 
along  the  line  of  sight  (because  ail  guns  will  have  the  same 
line  of  sight  to  T),  only  a  part  of  the  road  AB  will  be  covered, 
namely  EF. 

In  order  to  cover  as  much  of  AB  as  possible,  spread  out 
the  fire  by  ordering  100  yards’  differences. 

If  such  a  target  be  engaged  by  the  method  of  searching, 
the  existing  rule  needs  modification.  This  rule  states :  — 
The  firer  will  aim  at  the  near  end  of  the  target  with  the 
range  to  hit  it.  Then  run  his  tangent  sight  slide  to  the 
range  to  the  far  end.  Then  fire  and  elevate  until  aiming  at 
the  near  end.” 

Such  a  process  will  only  bring  fire  effect  on  the  whole 
target  when  the  far  end  of  the  target  is  on  the  prolongation 
of  the  line  of  sight  to  the  near  end. 


D 


Example : — AB  is  a  long  target  on  a  forward  slope,  A 
bc'iiig  l,4(){)  yards,  and  B  1,800  yards  from  the  gun.  If  the 

37 


tSrc.  (>. 

(ixintinp;  rule  be  followed,  the  firer  will  elevate  until  aiming 
n,l,  A  with  1,800  yards  on  his  sights,  but  although  his  fire  would, 
ill  (Jie  absence  of  ground  at  D,  go  to  a  point  C,  1,800  yards 
along  the  line  of  sight,  it  will  not  touch  B  the  far  end  of  the 
l.arg(‘,b. 

In  such  an  instance  the  rule  must  be  altered;  the  firer 
should  lire  and  elevate  until  aiming  at  the  far  end  of  the 
target. 

1.  TRAVERSING. 

Definition.  The  method  of  engaging  any  required  width 
of  ground  by  distributing  laterally  against  it  the  fire  of  one 
or  more  guns. 

The  normal  way  of  engaging  a  wide  target  i^  to  aim  at 
one  extremity,  fire  a  burst  and  then  tap  and  fire  'alternately 
until  the  whole  target  has  been  covered. 

The  firer  is  taught  on  the  25  yards’  range  the  required 
strength  of  tap  to  cause  the  horizontal  distance  between  bursts 
to  be  two  inches  on  the  target  at  25  yards.  This  is  called  the 
Eegulation  two-inch  tap.”  It  is  equivalent  to  a  traverse  of 
(‘Ight  minutes  {see  Two-inch  turn,”  page  35). 

If  the  object  in  view  is  to  bring  fire  effect  on  a  belt  or 
an  area  of  ground  (as  in  a  barrage)  this  method  is  very 
eifective.  But  if  the  target  is  a  thin  line  of  extended  infantry, 
or  a  trench  running  at  right  angles  to  the  line  of  fire, 
traversing  is  wasteftil.  In  such  cases  the  best  fire  effect  is 
obtained  by  firing  in  enfilade,  or  as  obliquely  to  the  target 
as  possible. 


i  Cu- 

I  B 

1  CvN 

A 

is  a  line  of  extended  intantry  at  1,000  yards. 

'rii(‘,  EBZ  is  140  yards  long  and  1.7  yards  wide. 

'I’Ikui  if  EF  is  engaged  from  A  {i.e..,  frontally),  only  the 
w  idl  li  of  the  EBZ  can  be  counted  as  effective  (1.7  yards). 
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If  EF  is  engaged  from  C  {i.e.y  in  enfilade),  the  whole 
length  of  the  EBZ  {i.e.^  140  yards)  can  be  counted  as  effective. 
The  fire  effect  produced  will  then  be  80  times  as. effective  from 
C  as  from  A. 

From  B  {i.e.,  obliquely),  the  fire  effect  will  be  greater 
than  from  A,  and  the  effect  will  increase  the  nearer  the  fira 
approaches  to  enfilade. 

It  will  also  be  seen  that  the  time  taken  to  cover  the  whole 
Target  EF  from  B  will  be  much  less  from  B  than  from  A. 

Every  endeavour,  therefore,  should  be  made  to  reduce 
traversing  to  a  minimum,  and  to  engage  targets  from  oblique 
or  enfilade  positions. 

Note. — In  the  above  example  EF  is  looked  upon  as  one 
single  target,  which  it  is  better  to  engage  EF  from  C  than 
from  any  other  position. 

If,  however,  the  object  in  view  is  to  make  a  certain  line 
EF  impassable  to  the  enemy,  it  is  better  to  engage  it  frontally, 
provided  sufficient  guns  are  available  to  do  this  effectively, 

because  then  the  enemy 

■~>/\/\< - >/\/\< — >/\  will  be  bound  to  pass 

through  a  deep  belt  of 
ground  beaten  by  machine 
gun  fire,  whereas  if  the 
same  object  is  attempted 
by  enfilade  guns,  only  a 
very  narrow  belt  of 
ground  is  effectively  en- 

5.  OBLIQUE  TRAVERSING.  gaged. 


Consider  a  target  such  as 
AB,  running  obliquely  to  the 
line  of  fire.  Such  a  target  is 
very  often  likely  to  demand 
attention  (a  road,  hedge,  or 
trench),  and  it  is  one  of  the 
most  difficult  to  engage. 


Guns 
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'I'lio  best  way  is  to  use  a  combination  of  combined  sights, 
H(5arclurig  and  traversing. 

If  or  example,  with  four  guns,  order: —  ^ 

1,100  yards,  100  yards^  differences. 

Eoad-Four  points  of  aim. 

Oblique  traversing. 

Fire.  -  ( 

Mach  No.  1  will  then  traverse  along  his  owjm  portion  of  the 
target,  keeping  his  line  of  sight  on  the  target. 

It  will  then  be  unnecessary  to  order  any  one  gun  to  use 
different  elevations. 

().  SWINGING  TEAVERSE. 

This  is  a  method  of  engaging  a  wide  target  by  firing 
continuously,  and  at  the  same  time  distributing  the  Are  along 
the  whole  target. 

It  necessitates  loosening  the  traversing  clamp,  which 
allows  the  gun  to  vibrate  more  than  in  ordinary  tap 
traversing,  and  it  is  therefore  not  so  accurate  as  the  normal 
method  of  traversing. 

Consequently  the  swinging  traverse  should  not  be  used 
except  at  dense  targets  which  are  not  more  than  500  yards 
distant. 

7.~DIEEOT  OVERHEAD  FIRE. 

1.  It  has  long  been  an  accepted  principle  of  infantry 
tactics  that,  whenever  the  ground  permits,  an  advance  should 
be  assisted  by  fire  directed  at  the  enemy  over  the  heads  of  the 
assaulting  troops. 

For  this  type  of  fire  action,  in  which  the  safety  of  the 
troops  whose  advance  is  being  covered  is  the  primary  con¬ 
sideration,  the  machine  gun,  by  reason  of  its  fixed  mounting 
and  the  close  grouping  of  its  fire,  is  characteristically  fitted. 

The  safety  of  the  attacking  troops  is  ensured  by  the 
employment  of  a  ''  Safety  Angle,’’  the  magnitude  of  which 
depends  on  the  range  to  the  target. 


Suppose  the  safety  angle  shown  above  is  that  for  the 
(Fr.  Then  it  is  safe  for  the  firer  at  G  to  fire  on  the 
l'Mrg(^|,  until  the  advancing  troops  meet  the  line  GB. 
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‘2.  Illir.ES  FOR  DIRECT  OVERHEAD  FIRE. 

(i.)  If  the  range  to  the  target  is  1,000  yards  or  under,  the 
safed/y  angle  is  30  min. 

I  f  the  range  to  the  target  is  betw^een  1,000  and  1,600  yards, 
1/ho  safety  angle  is  60  min. 

If  the  range  to  the  target  is  over  1,500  yards,  the  safety 
angle  is  100  min. 

Note. — If  the  ground  is  comparatively  flat  between  the 
gun  and  the  target,  closer  support  may  generally  be  given  by 
using  the  methods  of  indirect  fire,  if  it  is  possible  for  these 
methods  to  be  used. 

(ii.)  Direct  overhead  fire  must  not  be  employed  if  the 
attacking  troops  are  more  than  2,000  yards  from  the  gun. 

(iii.)  The  range  to  the  target  must  be  known  to  within  5  per 
cent. 

(ivi)  A  worn  barrel  or  a  worn  tripod  must  not  be  used, 
(v.)  No.  1  must  be  a  good  firer. 

(vi.)  The  tripod  must  be  well  dug  in. 

(vii.)  The  target  and  our  own  troops  must  be  clearly  visible. 
Notes  on  the  'preceding  rules. 

*  (i.)  The  calculation  of  the  safety  angles  given  in  Rule  (i.) 

is  based  on  the  following  allowances : — 

(a)  ^That  a  maximum  error  of  5  per  cent,  of  the 
range  may  have  been  made  in  range-finding. 

{b)  That  the  lowest  bullet  may  fall  short  an 
additional  10  per  cent,  of  the  range  on  account  of 
bad  holding,  aiming,  worn  barrel  or  defective 
ammunition. 

(c)  Over  and  above  the  allowance  for  errors  in 
range  finding  and  firing,  allowance  is  also  made  for 
the  known  distance  of  the  lowest  shot  of  the  cone 
below  the  centre  shot. 

(ii.)  In  Rule  (ii.),  there  is  no  limit  to  the  range  from  gun 
to  Target. 

(iii.)  Rules  (iii.)  to  (vii.)  are  practical  precautions  for 
minimising  the  errors  allowed  for  in  Rule  (i.),  and  thus  making 
sa-fety  of  the  attacking  troops  absolute. 

(iv.)  In  addition,  the  controller  will  allow  for  climatic 
cnndil  iniiM,  <^H|)C(nally  for  head  winds. 
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n,  MI'lTirODS  OF  APPLYING  SAFETY  ANGLES. 
Method  1. — By  graticules. 

(lard. 

3rr)  p 

-iijO  j 


Field  glasses. 
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(View  through  graticuled 
.) 


(Card  held  at  the  dis¬ 
tance  denoted  on  the 
card  from  the  eye.) 

It  should  be  noticed  at  the  outset  that  graticules  were 
d(5signed  for  indirect  fire  {see  Sec.  9),  and  consequently  the 
use  of  graticules  for  direct  overhead  fire  is  more  or  less 
accidental. 

Hut  it  so  happens  that  on  looking  through  graticules 
(wlietlicr  on  a  card  or  on  graticuled  glasses)  the  angle  formed 
at  the  eye  by  the  zero  line  and  the  600  yards  line  is  28  min. 

Similarly  the  angle  between  zero  and  1,000  is  62  min., 
and  (he  angle  between  zero  and  1,300  yards  is  101  min. 


0 

600 

JOOO 

'Phese  three  angles  are  very  close  approximations  to  the 
/Migles  laid  down  in  Rule  1,  and  the  error  involved  in  using 
IlH'in  a,s  30  min.,  60  min.  and  100  min.  is  negligible. 

'I'hc.  procedure  is  to  align  the  graticule  so  that  the  line 
I  f  (Mil  (he  controller's  eye  through  the  zero  mark  is  on  the 

I.MI'f'.cl., 


'I’Ik'ii  (he  line  passing  through  the  600  yards'  graticule  will 
givr  Hiifely  limit  when  the  range  to  the  target  is  1,000 
.v/ikIm  or  under  {i.e.^  safety  angle  of  28  min.). 
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The  line  passing  through  the  1,000  yards  graticule  will 
give  the  safety  limit  when  the  range  to  the  target  is  between 
1,000  and  1,500  yards  {i.e.,  safety  angle  of  62  min.). 

The  line  passing  through  the  1,300  yards  graticule  will 
give  the  safety  limit  when  the  range  to  the  target  is  more  than 
1,500  yards  {i.e.,  safety  angle  of  101  min.). 

Method  II.— Special  safety  angle  graticule  card. 


The  card  is  aligned  so 
that  the  line  from  the  con¬ 
troller' s  eye  through  the 
zero  mark  is  on  the  target. 

Then  the  line  marked 
''  1,000  "  will  give  a  safety 
angle  of  30  min.  The  line 
marked  “  1,500  "  will  give 
a  safety  angle  of  60^  min., 
and  the  line  marked  ''  over 
1,500  "  will  give  a  safety 
angle  of  100  min. 


(Card  held  at  the  distance  denoted 
on  the  card  from  the  eye.) 

The  controller,  observing  Rule  1,  and  knowing  the  range 
to  the  target,  will  know  which  line  to  use  for  any  particular 
instance. 

Method  III.— Tangent  sight  method. 

In  the  two  methods  given  above,  the  controller  alone 
knows  how  far  it  is  safe  to  support  the  advance.  If  he 
should  become  a  casualty,  the  firer  will  be  in  danger  either  of 
supporting  the  advance  beyond  the  safety  limit,  or  of  ceasing 
firc'-  too  soon,  in  which  case  the  attacking  troops  will  lose  the 
cffrcl,  of  liis  covering  fire. 

A  Hi^cond  objection  to  the  two  previous  methods  is  that 

only  (hriM^  HJifelsy  angles  are  permissible.  This  in  itself  is 
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miHound,  because  the  safety  angle  necessarily  varies  with 
(W(‘ry  variation  in  the  range. 

liotli  difficulties  are  overcome  by  the  following  method:  — 
Stage  I. — The  firer  lays  on  the  target  with  the 
range  to  hit  it.  Then,  without  moving  the  gun,  Im 
runs  up  his  sights  300  yards  higher,  and  finds  ^ 
which  point  on  the  ground  he  is  now  aiming. 

This  position  on  his  new  line  of  sight  becomes 
his  aiming  mark,  and  he  continues  firing,  constantly 
checking  his  aim  on  it,  until  his  line  of  sight  m 
touched  by  the  advancing  troops,  when  he  ceases  fire. 
The  fire  up  to  the  present  will  have  been  directed  on 
the  target,  because  initially  the  gun  was  laid  on  the 
target  with  the  range  to  hit  it. 

Stage  11. — The  firer  now  raises  his  sight  another 
200  yards  and  elevates  the  gun,  aims  at  {i.e.^  takes  a 
line  of  sight  on  to)  the  target,  and  fires  until  the 
attacking  troops  reach  the  target  which  is  their 
objective,  when  he  ceases  fire  if  our  troops  intend 
advancing  further.  By  so  doing,  fire  effect  is 
produced  on  the  ground  beyond  target,  and  this  will 
help  to  neutralize  the  fire  of  the  enemy's  support. 

At  close  ranges  Stage  II.  is  unsafe,  unless  the  procedure 
is  modified  as  follows  :  — 

At  the  completion  of  Stage  I.,  when  the  attack¬ 
ing  troops  have  touched  the  line  of  sight  to  the 
auxiliary  aiming  mark.  No.  1  runs  his  tangent  sight 
slide  to  1,300  yards  (unless  already  as  high  or  higher), 
lays  on  the  target  and  fires  until  the  attacking  troops 
reach  the  target. 


Example: — Bange  to  target,  800  yards. 


Ijiy  on  the  target  with  800  yards  on  the  sights. 

Alicr  tangent  sight  to  1,100  yards  {i.e.^  300  yards  higher), 
inir  (Jie  point  M  thus  found,  as  aiming  mark. 

until  the  attacking  troops  touch  the  line  G.M. 

'riicn  cease  fire,  and  set  sights  at  1,300  yards. 

Aim  ni  Ibe  target,  and  continue  firing  until  the  advancing 
r I  oops  i  c/ich  T.  Then  cease  fire. 
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1.  CONCLUSION. 

I  n  Ihe  absence  of  factors  which  obstruct  the  field  of  view 
(iiumI-,  smoke  screens,  the  smoke  and  dust  caused  by  artillery, 
•  '((•.),  the  foregoing  methods  of  direct  overhead  fire  are 
technically  reliable.  But  because  one  or  other  of  these  factors 
i'itlicr  is  or  may  be  present,  arrangements  for  indirect  fire 
should  be  made  as  stated  in  Part  I.,  Section  15,  and  they 
sliould  be  of  the  following  nature:  — 

Once  the  gun  has  been  laid  on  the  target,  an 
auxiliary  aiming  mark  should  be  put  out  for  the 
purpose  of  maintaining  elevation  and  direction,  and 
the  maximum  time  during  which  the  advance  can  be 
supported  should  be  obtained  either  by  estimating  the 
rate  of  advance  or  by  obtaining  it  from  the  artillery 
time-table.  Thus,  the  point  up  to  which  the  attacking 
troops  can  advance  with  safety  being  known,  it  can  be 
decided  how  long  fire  may  safely  be  directed  on  the 
target. 

8.— INDIRECT  EIRE  (GENERAL). 

1.  Indirect  fire  is  fire  directed  by  any  other  means  than 
laying  the  gun  over  the  sights  on  to  the  target. 

Indirect  fire  may  be  carried  out  by  guns  controlled:  — 

(a)  Singly. 

In  this  case  the  line  of  fire  of  each  gun  is  laid  out 
separately,  and  without  reference  to  the  line  of  fire  of  another 
gun. 

(&)  Batteries.* 

In  this  case  the  lines  of  fire  of  the  guns  constituting  the 
battery  are  laid  out  in  parallel  directions,  and  these  form  a 
basis  from  which  the  controlling  officer  can  issue  an  order 
producing :  — 

(а)  Distribution  of  fire  along  any  line. 

(б)  Concentration  of  fire  on  any  locality. 

Where  possible,  registration  should  always  be  carried  out. 

As  this  is  often  impossible,  reliance  must  be  placed  upon 
tli(^  theoretical  rules  which  underlie  the  application  of  indirect 
(ir(‘. 

Unless  these  rules,  their  limitations  and  applications  are 
eh^jM’ly  understood,  accurate  indirect  fire  is  impossible,  the 
H/if^'ty  of  tlie  troops,  over  whose  heads  the  fire  is  being  directed. 


S(3e  Note  at  end  of  Index. 
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may  become  endangered,  and  the  expenditure  of  S.A.A.  is  not  ^ 
justified. 

For  example,  unless  the  officer  carrying  out  the  fire  has  a 
knowledge  of  his  probable  errors  in  direction  and  elevation,  he 
may  either :  — 

(a)  By  searching  an  area  unnecessarily  large  (in 
order  to  obtain  fire  effect  on  the  target)  obtain  a  very 
small  material  result;  or 

(b)  By  searching  an  area  too  small,  miss  the 
target  altogether. 

If  the  necessary  care  is  taken,  accurate  indirect  fire 
can  be  carried  out  with  the  present  equipment  of  the.  gun. 

In  order  to  test  this  possibility,  tests  have  been  carried 
out  over  a  period  of  six  months.  These  have  been  undertaken 
by  different  squads  of  officers  under  instruction,  under 
varying  weather  conditions. 

The  targets  w^ere  six  10  ft.  by  3  ft.  screens  placed  one 
behind  the  other,  but  on  the  side  of  a  hill,  so  that  one  shot 
could  not  hit  more  than  one  target.  The  map  location  of  the 
targets  was  given  to  the  officers  carrying  out  the  test. 

In  all  cases  elevation  was  placed  on  the  gun  by  clinometer 
and  one  belt  was  fired. 

No  traversing  was  allowed,  as  the  tests  were  designed  to 
show  the  errors  in  direction. 

The  following  results  were  obtained:  — 

Gun  position  fixed  by  detail  on  the  map. 

Bange,  1,200  yards. 

I. — Direction  by  compass. 

No.  of  tests,  20.  Average  error  in  direction,  30  min. 

II. — Direction  by  reference  object. 

No.  of  tests,  22.  Average  error  in  direction,  15  min. 

Gun  position  fixed  by  resection. 

No  points  nearer  than  1,000  yards  w^ere  allowed  to  resect  from. 

Range,  1,450  yards. 

III. — Direction  by  compass. 

No.  of  tests,  17.  Average  error  in  direction,  15  min. 

IV. — Direction  by  reference  object. 

No.  of  tests,  21.  Average  error  in  direction,  30  min. 
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Tlie  results  show  that  with  care  the  degree  of  error  should 
nol,  (exceed  30  min.,  therefore  a  total  traverse  of  1  deg.  should 
include  the  target. 

Ih  carry  out  indirect  fire  with  accuracy  and  rapidity 
entails  a  high  standard  of  professional  efficiency  on  the  part 
of  the  officer.  He  must  have  a  thorough  knowledge  of:  — 

(a)  Maps. 

(b)  The  compass  and  its  characteristics.’’ 

(c)  The  tables  and  graphs  which  give — 

(i.)  Angles  of  elevation  and  descent. 

(ii.)  Dimensions  of  cones  and  beaten  zones, 
(iii.)  Methods  of  determining  quadrant 
elevation. 

(iv.)  Methods  of  determining  clearances. 

(v.)  Allowances  for  atmospheric  conditions. 

(d)  Methods  of  laying  and  fire  control. 

(e)  The  technical  equipment  in  use. 

(/)  Probable  errors. 

2.  Indirect  fire  will  be  dealt  with  under  the  following 
headings :  — 

Indirect  fire  of  guns  controlled  singly. 

I.  Without  the  map  (i.e.,  where  a  1/20,000  or 
larger  scale  contoured  map  is  not  available). 

(a)  By  graticules. 

(b)  By  angle  of  sight  instrument  or  director. 

II.  With  the  map  (^.e.,  where  a  1/20,000  or  large 
scale  contoured  map  is  available). 

(a)  To  obtain  direction. 

(b)  To  obtain  elevation. 

Indirect  fire  of  guns  controlled  in  batteries. 

I. '  With  the  map. 

II.  Without  the  map. 

Maintaining  laying. 

Clearances. 

Night  firing. 

Searching  reverse  slopes. 

Ih-rors. 

I  bu  rn, go  fire. 
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9 —INDIEECT  FIEE  OF  GUNS  CONTROLLED  SINGLY. 

1 ,  I  NDIllECT  FIEE  WITHOUT  THE  MAP. 

A.  /i//  use  of  graticules.  (See  Sec.  7.) 

The  following  instruments  are  required : — 

(i.)  Barr  and  Stroud  range-finder. 

(ii.)  Field  glasses  in  which  graticules  are  cut 
across  the  focal  plane,  or  graticule  cards. 


(i.)  Move  to  a  position  from  which  the  target  can  be 
observed.  (This  should  not  be  more  than  6  feet  above  the 
gun,  and  at  approximately  the  same  range  from  the  target.) 

(ii.)  Obtain  range  to  target. 

(iii.)  Select  a  suitable  aiming  mark,  visible  to  the  gun, 
which  is  vertically  above  or  below  the  target,  and  in  alignment 
of  gun  and  target. 

(iv.)  Observe  the  target  so  that  the  graticule  representing 
the  range  falls  across  the  target. 

(v.)  Note  which  graticule  cuts  the  aiming  mark,  and  the 
corresponding  range. 

(vi.)  Order  the  No.  1  of  the  gun  to  put  this  range  on  his 
tangent  sight  and  lay  on  the  aiming  mark. 

This  method  gives  accuracy  of  direction  but  not  great 
accuracy  of  elevation.  The  fire  effect  is  greatly  enhanced 
when  observation  can  be  obtained. 

Note  1.-— As  the  range  on  the  sight  is  not  the  range  to  the 
target,  the  fire  cannot  be  corrected  by  ordering  ''  up  50  ''  or 
“  down  50,''  etc.  (since  the  ratchet  is  uniform,  and  an  altera¬ 
tion  of  one  click  elevates  or  depresses  the  gun  through  the 
sanu^  <ingle,  no  matter  what  position  of  the  slide,  the  correc- 
tion  is  applied  by  alteration  by  clicks). 

'I'here  are  roughly  as  many  clicks  in  the  ratchet  of  the 
tangmit  sight  as  there  are  hundreds  of  yards  in  the  range,  at 
all  ranges  below  1,500  yards. 
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I'’()r  example,  if  the  range  is  1,200  yards,  and  fire  is  100 
yards  short,  the  controlling  officer  orders  up  12  clicks."  The 
No.  I  moves  his  slide  up  12  clicks  and  relays  on  the  auxiliary 
aiming  mark. 

Note  2. — Where  a  suitable  auxiliary  aiming  mark  can  be 
M(M‘n  above  or  below  the  target,  this  method  is  useful  to  bring 
fir(‘.  to  bear  on  a  target  which  is  visible  through  glasses,  and  is 
difficult  to  indicate  to  the  No.  1. 


lb  By  the  TOG  method. 


T 


To  obtain  direction:  — 


The  figure  shows  the 
Gun  position,  G. 

Target  position,  T. 
Observation  station,  O. 
The  following  instruments 
are  required: — 

1.  Barr  and  Stroud 

range-finder. 

2.  Director  and  angle  of 

sight  instrument,  or 
some  means  of 
measuring  the  angle 
TOG  and  angles  of 
sight. 


After  selecting  the  gun  position  the  Controlling  Officer 
goes  to  a  position  from  which  he  can  see  both  the  gun  and  the 
target,  and — 

(1)  Takes  ranges  to  the  gun  and  to  the  target  with  the 
Barr  and  Stroud. 


(2)  Measures  the  angle  TOG. 

This  is  done  : — 

(a)  With  a  director,  by  laying  it  on  G  and  T  in 
turn,  and  noting  the  angle  swung  through. 

{b)  Without  a  director  by  taking  bearings  to  G 
and  to  T,  and  then  the  difference  between  these 
bearings  is  the  angle  TOG. 

The  ranges  OT,  OG,  and  the  angle  TOG  being 
known,  it  is  now  simple  to  find  the  range  GT,  and  the 
n-ngle  TGO. 
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'I'IiIh  is  done : — 

(a)  With  the  plotter.’^ 

(h)  Without  the  ''  plotter/'  Draw  a  line  to 
represent  the  range  OT,  set  off  the  angle  TOG  with 
a  protractor,  and  mark  off  the  point  G,  so  that  OG 
represents  the  range  OG.  Measure  the  angle  TGO 
with  the  protractor. 

Order  the  gun  to  lay  on  the  observation  station  and  lay 
off  the  angle  TGO.  An  aiming  post  is  now  set  out,  and  the 
gun  is  laid  for  direction. 

7'o  obtain  elevation:  — 

Take  the  angle  of  sight  from  O  to  T  <=  t° 

O  to  G  =  g° 

This  is  done  with  an  “  angle  of  sight  "  instrument. 

To  find  the  angle  of  sight  from  G  to  T  ==  S°  use  the 
formula : — 

fto  _  t°  X  OT  -  g°  X  OG 
GT 

Note.— Aee  Theory  of  Fire,  Sec.  49,  para.  1. 

The  angle  of  sight  to  a  point  is  positive  where  that  point 
is  above  the  position  of  observation,  negative  where  it  is 
below. 

Having  found  the,  angle  of  sight  S,  find  the  TE  for  the 
r  ange  GT  and  the  Q.PJ.  from  the  formula. 

Q.E.  =  T.E.  +  s. 

Order  this  Q.E.  to  be  placed  on  the  gun. 

The  gun  is  now  laid  for  direction  and  elevation.  Where 
()l)servation  can  be  obtained  fire  can  be  corrected  by  ordering 
110  min.  left,"  etc.  —  up  20  min." 

The  fire  control  is  best  carried  out  by  telephonic  com- 
rminication  from  O  to  G— or  where  this  is  not  possible,  by 
visual  signalling. 

Wliere  the  observation  post  is  in  the  direct  line  from  the 
gim  to  the  target,  direction  can  be  obtained  by  placing  posts, 
and  (‘l(‘vation  as  follows: — 
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I,(‘t: 

OT  =  Eange  from  crest  to  target. 

OG  =  Eange  from  crest  to  gun. 

t°  =  Angle  of  sight  from  crest  to  target. 

g°  =  Angle  of  sight  from  crest  to  gun. 

Than  angle  of  sight  from  gun  to  target  =  S° 

_  t°  X  OT  -  g°  X  OG 
GT 

and  GT  ^  OG  +  OT  approximately. 

This  TOG  "  method  can  be  easily  adapted  to  guns 
(‘Mifiloyed  in  a  battery.  {See  Sec.  10,  para.  5.) 

2.  INDIEECT  FIRE  WITH  THE  MAP. 

The  map  must  be  at  least  1/20,000  and  contoured. 

A.  To  obtain  direction. 

Method  1.  By  map  and  compass. 

(i.)  The  position  of  the  gun  on  the  ground  must  be 
accurately  fixed  on  the  map. 

This  is  done  either  : — 

(a)  From  the  detail  on  the  ground  and  comparing 
this  with  the  detail  on  the  map ;  or 

(b)  if  this  is  not  possible,  by  resection. 

Any  of  the  methods  described  in  Sec.  2,  para.  2,  may  be 
used. 

Where  time  permits  greater  accuracy  is  ensured  by 
employing  one  method  and  checking  with  another. 

It  may  be  possible  to  obtain  the  aid  of  a  Field  Survey 
Company  where  a  very  accurate  location  is  necessary. 

The  use  of  oblique  aeroplane  photographs  has  been 
found  helpful  when  moving  guns  forward  to  positions  already 
sited  in  territory  previously  hostile. 

(ii.)  The  magnetic  hearing  from  the  gun  to  the  target 
must  now  he  found. 

To  do  this  : — 

{a)  Draw  a  line  on  the  map  from  the  gun  position 
.  to  the  target. 

(6)  Using  the  protractor,  measure  the  bearing 
this  line  makes  with  any  North  and  South  Grid  line. 
This  is  the  grid  bearing  from  the  gun  to  the  target. 

(c)  Add  the  magnetic  variation  of  the  compass 
from  the  North  and  South  Grid  lines.  The  result  is 
the  m.agnetic  bearing  from  the  gun  to  the  target. 

Note  1. — (c)  Applies  only  to  places  where  the  magnetic 
variiiiion  is  West. 

ir  Mk'  v/iriafion  is  East,  subtract  instead  of  add. 
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Note  2. — The  variation  of  the  compass  must  bo  determined 
for  ('Tich  compass  for  the  particular  map  in  use,  and  should  be 
constantly  checked.  {See  Sec.  2,  para.  2.) 

(iii.)  2^0  lay  the  gun  on  the  magnetic  hearing  so  obtained. 

'I'his  can  be  done  in  the  following  ways : — 

(a)  Place  a  post  (not  more  than  6  inches  high)  in 
the  gun  position  and  place  the  compass  on  the  top  of 
the  post.  Rotate  the  compass  until  the  card  reads  the 
required  bearing. 

Align  an  aiming  post  on  this  bearing  using  the 
hair  line  on  the  compass.  Place  the  gun  with  the 
centre  of  the  cross  at  the  bottom  of  the  socket, 
immediately  over  the  post,  and  lay  on  the  aiming  post. 
{h)  By  use  of  the  compass  tower. 

See  Appendix  VIII. 

(c)  It  may  often  be  impossible  owing  to  the 
presence  of  iron  to  use  a  compass  from  the  gun 
position  itself.  Take  the  compass  out  more  or  less  in 
the  required  line  of  fire,  either  in  front  of,  or  behind 
the  gun. 

Two  cases  now  occur : — 

^-1.  Compass  in  front  of  gun. 
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The  figures  shew  :  — 

1.  CG  the  bearing  from  compass  to  gun. 

2.  CD  the  back  bearing. 

3.  CT  the  bearing  on  which  the  gun  is  required  to  fire. 

4.  Gg  the  line  of  fire  obtained  by  laying  off  the  angle 
gGC,  which  --  the  angle  TCD. 

Note. — Since  the  angle  gGC  =  the  angle  TCD  gG  is 
parallel  to  CT,  and  the  gun  is  laid  on  the  bearing  required. 


Rule. 

1.  Take  the  compass  30  to  50  yards  in  front  of  the  gun 
more  or  less  in  the  direction  of  fire.  Lay  the  gun  on  the 
compass.  Take  the  bearing  CG  on  to  the  gun. 

2.  Obtain  the  back  bearing  CD. 

3.  Obtain  the  angle  between  this  bearing  and  the  one 
on  which  it  is  required  to  lay  the  gun  {i.e.^  CT).  This  is  the 
angle  TCD. 

4.  The  observer  at  C  now  turns  his  back  on  the  gun,  and 
faces  the  direction  CD — if  the  bearing  on  which  it  is  required 
to  fire  the  gun  {i.e.,  CT)  lies  to  his  right,  the  gun  lays  off  the 
angle  TCD  to  the  right — and  if  to  his  left,  the  angle  TCD  is 
laid  off  to  the  left. 

The  gun  is  now  laid  on  the  required  bearing  in  the 
direction  Gg,  which  is  parallel  to  CT ;  and  an  aiming  post  is 
put  out. 


Example: — To  lay  a  gun  on  a  magnetic  bearing  of  7  deg. 
Supposing — 

(i.)  It  is  found  that  bearing  CG=170°. 

Adding  180°  the  back  bearing  CD  =  350° 

The  difference  between  a  bearing  of  350°  and 
7°  =17°. 

Facing  CD  the  bearing  CT  lies  to  the  right. 
Therefore  the  gun  lays  off  17°  to  the  right, 


(ii.) 

(iii.) 
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('Oni'pass  behind  gun. 

The  figures  shew:— 

(i.)  CG  the  bearing  from  compass  to  gun. 

(ii.)  CT  the  bearing  on  which  the  gun  is  required 
to  fire. 

(iii.)  Gg  the  line  of  fire  obtained  by  laying  off  the 
angle  gGD,  which  =  the  angle  TCD. 

Note. — Since  the  angle  gGD  ^  the  angle  TCD,  gG  is 
p/irallcl  to  CT,  and  the  gun  is  laid  on  the  bearing  required. 

llnle. 

1 .  Take  the  compass  30  to  50  yards  behind  the  gun  more 
nr  less  in  the  prolongation  of  the  line  of  fire,  lay  the  gun  back 
nil  fo  compass  from  the  foresight  through  the  backsight. 

'Paki^  the  bearing  CG  on  to  the  gun. 

Obtain  the  angle  between  this  bearing  and  the  one 
nil  vvliich  it  is  required  to  lay  the  gun  {i.e.,  CT).  This  is  the 
alight  'PCD. 

3.  'Vhc>  observer  at  C,  now  faces  the  gun.  If  the  bearing 
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on  which  it  is  required  to  fire  the  gun  lies  to  his  right,  the 
gun  lays  off  the  angle  TCD  to  the  right — and  if  to  his  left, 
the  angle  TCD  is  laid  off  to  the  left. 

The  gun  is  now  laid  on  the  required  bearing  in  the 
direction  Gg,  which  is  parallel  to  CT ;  and  an  aiming  post  is 
put  out. 

Example: — To  lay  a  gun  on  a  magnetic  bearing  of  27  deg. 


Supposing :  — 

1.  It  is  found  that 
bearing  CG  =  7  deg. 

2.  Difference  between 
a  bearing  of  27  deg.  {i.e.^ 
CT)  and  7  deg.  -=  20  deg. 

3.  Facing  CD  the 
bearing  CT  lies  to  the 
right,  therefore  the  gun 
lays  off  20  deg.  to  the 
right. 

Or,  again,  it  may  be 
found  that :  — 

1.  Bearing  CG  =  37 

deg. 

2.  Difference  between 
a  bearing  of  27  deg.  {i.e., 
CT)  and  37  deg.  =  10  deg. 

3.  Facing.  CD  the 
bearing  CT  lays  to  the 
left,  therefore  the  gun 
lays  off  10  deg.  to  the  left. 


Method  2.  By  map  and  reference  object. 


(i.)  The  position  of  gun  on  the  ground  must  first  be 
accurately  fixed  on  the  map.  {See  Sec.  2,  para.  2.) 

(ii.)  A  reference  object,  which  is  both  marked  on  the  map 
and  visible  from  the  gun,  is  next  selected.  A  line  is  drawn 
on  the  map. 

{a)  from  the  gun  position  to  the  target — G.T. ;  and 


{h)  from  the  gun  position  to  the  B.O.  — G.B. 
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aiming  post  is  put  out  in  the  direction  obtained.  The  gun 
is  now  aligned  on  the  target. 

Note  1.— The  angle  TGB,  may  be  measured  with  a 
protractor  without  drawing  any  lines — ^but  these  are  an  aid  to 
accuracy. 

Note  2. — Where  the  position  of  the  gun  can  be  found  from 
the  detail  on  the  ground,  all  errors  arising  from  the  use  of  the 
compass  are  avoided. 

Method  S.  By  mapy  reference  object^  and  compass. 

A  modification  of  Method  2  is  necessary  where  no  suitable 
reference  object  exists  which  is  marked  on  the  map  and  is 
visible  from  the  gun. 

Select  a  reference  object  on  the  ground,  or,  if  necessary, 
place  one  out.  Take  the  compass  bearing  from  the  gun 
position  to  the  reference  object. 
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Find  from  the  map  the  bearing  on  which  it  is  required 
to  fire  the  gun.  Find  the  difference  between  these  bearings 
and  lay  off  the  angle  obtained  from  the  reference  object. 

Note. — Effect  of  atmospheric  conditions  on  direction. 

After  the  gun  has  been  laid  for  direction  by  any  of  the 
methods  given  abov6,  it  is  necessary  to  make  the  correction 
for  wind.  To  find  the  allowance  see  Sec.  5,  para.  3. 

This  allowance  is  put  on  the  gun  either  by  tapping  off  the 
required  angle  on  the  “  T  ’’  shaped  aiming  post  or  by  using 
the  bar  foresight. 

B.  To  obtain  elevation. 


(i.)  On  the  map,  measure  the  range  from  the  gun  to  the 
target  and  note  :  — 

(a)  The  gun  contour. 

(J))  The  target  contour. 

The  difference  between  the  gun  contour  and  the  target 
contour  is  the  vertical  interval  (V.I.). 

(ii.)  The  quadrant  elevation  is  now  found  by  the 
formula:  — 

Q.E.  =  T.E.  ^  S.  {See  Sec.  5,  para.  1.) 


To  obtain  the  angle  of  sight  use  the  formula:  — 

Angle  of  sight  in  minutes  =  S  ^  x  3400, 

H.E. 


where  V.I.  =  Vertical  interval, 

H.E.  =  Eangc, 

and  both  are  measured  in  the  same  unit. 


In  France,  where  the  vertical  intervals  are  in  metres  and 
th(^  ranges  in  yards,  the  following  may  be  used: — 


S  (III  iniimtos) 


V.I.  (metres) 
H.E.  (yards) 


X  3750. 
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hJxainjile  :  — 

Range  =  1,700  yards  and  T.E.  for  1,700  =  177'. 
Gun  contour  =  20  yards. 

Target  contour  =  50  yards.  Therefore  V.I.  ==  30. 


S  - 
QE 


=  60'. 


30  3400 

1700 
=  TE  +  S 
=  177  +  60  =  237% 


or  again  if  range  =  1,700  yards. 
Gun  contour  =  50  yards. 
Target  contour  =  20  yards, 


_  30  ^  3400 

1700 


QE  -  TE  -  S 
-  177'  -  60' 

-  177'. 

(iii.)  In  order  to  save  calculating  the  angle  of  sight  and 
combining  it  with  the  tangent  elevation  to  find  the  quadrant 
elevation,  Tables  3A  and  3B  (Appendix  IV.)  have  been 
compiled. 

(These  tables  are  compiled  from  the  formula:  — 


S  - 


V.I. 

H.E. 


X  3438: 


the  factor  3438  being  more  accurate  than  3400,  which  gives  an 
error  of  1.2  per  cent.) 

Graph  No.  1,  Appendix  V.,  allows  the  quadrant  elevation 
to  be  read  off  without  calculation  of  the  angle  of  sight. 


(iv.)  Before  placing  elevation  on  the  gun  the  correction 
for  atmospheric  influences  must  he  first  made  and  the  correc¬ 
tion  added  to  or  subtracted  from  the  according  as  the 

correction  is  positive  or  negative. 


To  find  the  correction  see  Sec.  5,  para.  3. 

(v.)  To  put  the  elevation  on  the  gun. 

Elevation  is  put  on  the  gun  with  the  clinometer  :  — 

{See  Appendix  XI.  :  Adjustment  of  clinometers). 

1.  Set  the  clinometer  to  the  required  reading. 

2.  Without  holding^  place  the  clinometer  on  the 
tangent  sight  bed  and  elevate  or  depress  the  gun 
until  the  bubble  is  central.  Move  up  the  tangent 
sight  slide  until  the  point  of  aim  is  on  the  auxiliary 
aiming  mark. 
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3.  Take  the  holding  and  relay  on  the  auxiliary 
aiming  mark,  using  the  elevating  wheel,  and  not 
moving  the  tangent  sight  slide. 

Note. — This  method  obviates  the  error  arising  from  a 
difference  in  holding  when  putting  on  elevation  and  when 
firing.  / 

10.— INDIRECT  FIRE  OF  GUNS  CONTROLLED  IN 
BATTERIES.* 

Laying  and  fire  control  where  1  / 20000  or  larger  scale 
contoured  map  is  available. 

(To  be  read  in  conjunction  with  Barrage  Drill,  Sec.  17, 
para.  7.) 

1.  All  the  guns  of  one  battery  are  laid  on  parallel  lines  of 
fire  initially,  and  zero  aiming  posts  are  placed  in  position. 
These  lines  are  called  the  zero  lines  of  fire  of  the  battery,  and 
form  the  basis  from  which  the  line  of  fire  of  each  gun  is  ta-ken. 
The  methods  of  obtaining  parallel  lines  of  fire  are  explained 
in  para.  4  of  this  Section,  but  where  the  nature  of  the  ground 
admits,  these  lines  should  be  checked  by  registration. 

The  guns  are  numbered  from  right  to  left,  and  the 
position  of  one  gun  is  fixed  as  accurately  as  possible  on  the 
map.  This  gun  is  known  as  the  directing  gun,  and  is  generally 
the  left  gun,  to  facilitate  control.  The  choice  of  the  zero  line 
is  arbitrary,  but  if  the  left  gun  is  directing,  it  is  generally  the 
line  from  that  gun  to  the  left  end  of  the  first  barrage  line — or 
in  the  case  of  a  S.O.S.  barrage,  to  the  left  end  of  this  S.O.S. 
line. 

The  zero  line  of  the  directing  gun  is  laid  out  by  any  of 
the  methods  given  in  Sec.  9,  para.  1,  A,  and  elevation  is 
obtained  as  described  in  Sec.  9,  para.  2. 

When  a  battery  engages  a  target,  the  fire  of  each  gun  is 
laid  at  equal  intervals  along  it.  Each  gun  traverses  1  deg. 
either  side  of  its  line  of  fire,  except : — 

(i.)  When  concentrated  fire  is  ordered. 

(ii.)  Where  the  concentration  of  guns  is  great,  i.e., 
one  gun  to  between  30  and  40  yards  of  front,  when  the 
total  traverse  is  1  deg. 

(iii.)  Where  the  concentration  of  guns  is  thin,  and 
a  traverse  of  1  deg.  either  side  is  insufficient  to  ensure 
that  no  gaps  are  left.  In  this  case  a  traverse  of  twice 
the  angle  of  distribution  should  be  ordered. 


*  See  note  at  end  of  Index. 
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Tills  traverse  prevents  gaps  by  causing: — 

(i.)  The  fire  of  neighbouring  guns  to  overlap, 
(ii.)  The  fire  of  neighbouring  batteries  to  overlap. 

At  the  same  time,  as  the  angle  of  traverse  is  small, 
different  guns  can  have  different  quadrant  elevations  when 
(he  nature  of  the  target  demands  it. 

The  fire  is  controlled  by  either — 

(a)  Shutter. 

(h)  Whistle. 

The  former  has  been  found  the  more  effective  method. 

2.  DISTKIBUTION  OF  FIRE. 

Where  the  frontage  of  the  target  as  viewed  from  the 
battery,  is  greater  than  that  of  the  battery,  it  is  necessary 
(o  distribute  the  fire  of  the  battery  from  their  parallel  lines, 
in  order  to  lay  the  fire  of  each  gun  at  equal  intervals  along  the 
target. 


I  (not  to  scale).  Fig.  II.  (not  to  scale). 
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These  figures  shew  the  lines  of  fire  of  a  4-gun  battery : 

(a)  On  their  parallel  ze.ro  lines. 

(b)  After  distribution  of  fire  along:  — 

(i.)  A  frontal  target. 

(ii.)  An  oblique  target. 

The  angle  DTt  is  the  angle  of  distribution  of  the  baUerxj 
for  the  target  AB. 

The  angle  CSs  =  twice  the  angle  DTt. 

The  angle  BGg  =  three  times  the  angle  DTt. 

Example  : — If  angle  DTt  =  1° 
angle  CSs  =2° 
angle  BGg  =  3° 

Measurements  of  this  angle  are  taken  to  the  nearest 
10  min. 

If  the  zero  line  of  the  left  gun  {i.e.,  directing  gun),  is  not 
directed  on  the  left  end  of  the  target,  this  gun  is  switched 
through  an  angle  so  as  to  direct  its  fire  on  to  the  left  end  of 
the  target.  This  angle  is  called  the  switch  angle,’’  and 
before  distribution  of  fire  along  the  target,  all  guns  are 
ordered  to  lay  off  this  angle  from  their  zero  lines.  This  angle 
is  measured  by  a  protractor,  or  read  from  the  fighting  map. 


Angle  of  switch. 

Fig.  IV.  (not  to  scale). 
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IGg.  1 1 1 .  ( no(-,  (oo  scale). 
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These  figures  shew  the  lines  of  fire  of  a  4-gun  battery  :  — 

(а)  On  their  parallel  zero  lines. 

(б)  After  all  guns  lay  off  the  angle  of  switch 
from  their  zero  lines. 

(The  guns  are  still  on  parallel  lines  of  fire.) 

(c)  After  distribution  of  fire  along:  — 

(i.)  A  frontal  target. 

(ii.)  An  oblique  target. 


To  obtain  the  distribution  angle. 

Case  I. 

Frontal  barrage.— the  angle  HAB  is  betv/een  80 
deg.  and  100  deg. 


Fig.  V.  (not  to  scale). 


The  figure  shews  the 
guns  of  a  4-gun  battery. 

(а)  On  parallel  lines 
before  distribution. 

(б)  After  distribution 
on  the  target  AB. 

Rule  I. 

1.  Subtract  the  front¬ 
age  of  the  battery  from  the 
line  to  be  fired  on. 

(^Since  GH  =  Ag,  this, 
gives  the  length  gB.) 

2.  Findfrom  the 
gra'ph,  Appendix  F.,  graph 
No.  2,  what  angle  this 
length  subtends  at  the 
range  HA. 

(Since  HA  -  gG,  this 
gives  the  angle  BGg.) 

3.  Divide  this  angle  by 
the  number  of  gun  intervals. 
The  angle  obtained  is  the 
distribution  angle  of  the 
Battery. 


02 


(See  para.  2  above.) 
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I F  no  graph  is  available  the  angle  BGg  can  be  obtained  :  — 
(i.)  By  using  the  ''  angle  of  sight ''  formula.  ' 

B 


V.I. 

H.E. 


X  8400  =  angle  in  minutes- 


Where  V.I.  =  AB  -  GH  =  gB. 
H.E.  ==  Range  HA  =  gG. 


Note.— This  formula  should  not  be  used 
if  the  angle  BGg  exceeds  10  deg. 


(ii.)  By  measurement  with  a  protractor.  No  lines 
need  necessarily  be  drawn,  but  errors  are  easily  made 
in  measuring  the  angle  BGg. 

battery  of  8  guns,  10  yards  apart,  engages 
a  target  320  yards  long  at  a  range  of  2,100  yards.  To  find  the 
angle  ot  distribution  to  order:  — 


H  70  C 

t  ig.  VII.  (Not  to  scale.) 


Applying  Rule  I. 

1.  AB  =  320 
GH  =  70 

AB  -  GH  =  250 

2.  Using  graph,  250  yards 

at  2,100  yards  sub¬ 
tends  an  angle  of 
6°  50\ 

3.  Dividing  6°  50'  by  7 

(since  there  are  7  gun 
intervals)  ==  59'. 

Therefore,  order  1°,  as  the 
angle  is  taken  to  the  nearest 
10'. 
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NOTIO. — (i.)  As  the  angle  HAB  is  between  80°  and  100°,  this  is  a 
frontal  barrage. 

(ii.)  On  the  order  being  given  : — “  Distribute  1°.” 

No.  1  of  No.  8  gun  repeats  “  Distribute  1°,” 

No.  1  of  No.  7  ,,  ,,  “  i°  right,  distribute  1°,” 

No.  1  of  No.  6  ,,  ,,  “  2°  right,  distribute  1°,” 

No.  1  of  No.  5  ,,  ,,  “  3°  right,  distribute  1°,” 

etc.  Barrage  Drill,  Third  stage.) 


Case  II, 


Oblique  barrage. — Where  angle  HAB  is  not  between  80 
deg.  and  100  deg. 

(Note. — Enfilade  barrage  is  only  a  type  of  this.) 


(Mg.  VIIL 

to  scale). 


The  figure  shows : —  ") 

(а)  The  parallel  lines  of  fire  of  the  flank  guns^ 

of  a  battery  before  distribution. 

(б)  The  lines  of  fire  of  the  flank  guns  after 

distribution  on  an  oblique  target. 

It  is  obvious  that  if  Rule  I.  is  applied,  the 
distribution  would  be  inaccurate  owing  to  the 
foreshortening  of  the  target  when  viewed  from 
the  battery.  To  overcome  this  apply  Rule  II. 

Buie  II.  Draw  AX  at  right  angles  to  RA. 
This  is  called  the  worhing  base,^^  and  is  used 
instead  of  AB  to  determine  the  angle  of  dis¬ 
tribution. 

To  find  AX 

(a)  Measure  it  from  the  map  by  drawing y 
or^ 

{b)  Without  drawing,  use  graph  No.  2, 
Appendix  V.  to  find  AX. 

(c)  Proceed  now  as  in  Buie  using  AX 
instead  of  AB  from  which  to  subtract  the  battery 
frontage. 
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Note.— As  the  ranges  HA  and  GB  are  different,  combined 
nights  are  used. 

Example: — An  8-gun  battery  on  a  front  of  100  yards, 
engages  a  target  500  yards  long,  where  the  angle  HAB  = 
135  deg.  and  the  range  HA  =  2,000  yards.  {See  Fig.  VIII.) 

To  find  the  angle  of  distribution.— Rule  II. 

By  drawing,  the  working  base  AX  =  320  yards. 

By  calculation: — 

Using  graph  No.  2. 

Since  the  angle  HxAB  =  135°,  then  from  the  scale  for 
converting  oblique  to  equivalent  frontal  targets 

AX  =  -64  X  AB 
-  -64  X  500 
=  320  yards. 

Proceeding  now  as  in  Rule  I.  and  using  AX  instead  of  AB, 

(i.)  AX  =  320 

GH  =  100 
AX  -  GH  =  220. 

(ii.)  220  yards  and  2,000  yards  subtends  380' 

(iii.)  dividing  380'  by  7  (as  there  are  7  gun  intervals)  =  54' 
i.e.  Order  “  Distribute  50'.” 

To  find  elevation. 

Bange  GB  =  2,375.  QE  =  390' 

Bange  HA  =  2,000.  QE  =  256' 

Therefore,  difference  =  134'. 

Dividing  by  7  (i.e.,  the  number  of  gun 
intervals) 

Besult  =  19'. 

Take  20' ,  being  to  the  nearest  10' ,  and 
order  “ Elevation 4° 20'  ,20'  differences.” 


3.  CONCENTRATION  OF  FIRE. 

Where  the  frontage  of  the  target  as  viewed  from  the 
battery  is  less  than  that  of  the  battery,  it  is  necessary  to 
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concentrate  the  fire  of  the  battery  from  their  parallel  lines. 


This  figure  shows  the  lines  of  fire 
of  a  4-gun  battery. 

(а)  On  their  zero  lines. 

(б)  After  concentration  on  the 

target  A.  ^ 

The  angle  tT A  is  the  angle  of 
concentration  of  the  battery  for  the 
target  A. 

The  angle  sSA  =  twice  the  anecle 
tTA.  ^ 

The  angle  gOA  =  three  times  the 
angle  tTA. 


Angle  of  switch. 
Fig.  X.  (not  to  scale). 
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This  figure  shows  the  lines  of  a 
4-gun  battery. 

(a)  On  their  zero  lines. 
ih)  After  all  guns  lay  ofi  the 
angle  of  switch  from 
their  zero  lines. 

{See  para.  2,  Figs.  III.  and  IV.) 

(c)  After  concentration  on  to  the 
target  A. 

The  angle  tTA  is  the  angle  of 
concentration  of  the  battery  for 
the  target  A. 

The  angle  sSA  =  twice  the  angle 
tTA. 

The  angle  gGA=  three  times 
the  angle  tTA. 


Sec.  10. 


Tit  find  the  angle  of  concentration, 
li'ulr  III. 

Subtract  the^  frontage  of  the  target  from  the  frontage  of 
the  battery,  and'  'proceed  exactly  as  in  Rule  but  substitute 
concentration  for  distribution. 

Example  : — A  battery  of  8  guns  on  a  frontage  of  120  yards 
desires  to  engage  a  target  whose  frontage  is  40  yards,  at  a 
range  of  2,100  yards.  To  find  the  angle  of  concentration. 


H  120  C 

Figure  XI. 


(  i.)  GH  =  120  yards 
AB  =  40 

GH  -  AB  =  80 

(  ii.)  80  yds.  at  2,100  subtends 
an  angle  of  2°  15  ‘ 

(iii.)  Dividing  by  7, 

Besult  =  19'. 

Order  20'  as  angle  of 
concentration. 


Note  1. — On  order  being  given,  Concentrate  20  min.,’^ 

No.  1  of  No.  8  gun  repeats,  “  Concentrate  20\’’ 

No.  1  of  No.  7  ,,  “20'  left,  concentrate  20',” 

No.  1  of  No.  6  ,,  “40'  ,,  ,,  20',” 

No.  1  of  No.  5  ,,  “  1°  ,,  ,,  20',” 

etc.  (See  Barrage  Drill,  Third  stage.) 


Note  2. — It  will  often  be  found  that  for  flank  barrages  the 
working  base,  as  found  by  the  use  of  Rule  II.,  will  be  less  than 
ihc.  battery  front,  and  it  will  then  be  necessary  to  use  Rule 
I  I  I.,  a,nd  concentrate  the  fire. 
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Note  3. — It  will  generally  he  sufficient^  in  order  to  engage 
a  target  such  as  an  enemy  concentration,  to  switch  the  fire  of 
the  battery  on  parallel  lines  without  concentration  or 
distribution  of  fire. 

Example: — Shewing  distribution  of  fire  along  a  target, 
after  a  switch. 

A  battery  of  eight  guns  on  a  frontage  of  100  yards  is 
ordered  to  engage  a  target  370  yards  long  at  2,200  yards 
range. 


B 


the  complete  fire 


To  find 
order : — 

The  figure  shews  the  flank 
guns. 

(i.)  On  their  zero  lines  Gg 
and  Hh. 

(ii.)  After  layings  off  the 
“angle  of  switch” 
(i.e.,  angle  AHh  = 
CGg). 

(iii.)  After  distribution  of  fire 
;  along  AB. 

Suppose  angle  AHh  =  5° 
and -Gun  and  Target  on  same 
contour 

so  that  Q.E.  =  5°  22^ 

Applying  Rule  I.  (since  the  angle 
HAB  is  between  80°  and 
100°). 

AB  =  370 
GH  =  100 
AB  -  GH  =  270. 

Using  graph  270  yards  at 
2,200  subtends  an  angle 
at  420'^ 

Dividing  by  7  =  1° 
which  is  the  angle  of  dis¬ 
tribution. 


2. 


The  complete  orders  by  the  Battery  Commander  would 
be:  Stand  to. 

All  guns  on  zero. 
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All  guns  5  deg.  right. 

No.  8  gun  directs. 

Distribute  1  deg. 

Load. 

Elevation  5  deg.  22  min. 

Medium  rate  (or  whatever  rate  is  ordered). 

Fire. 

If  this  target  formed  part  of  a  previously  arranged 
barrage,  the  Battery  Commander  would  place  the  results  of 
his  calculations'  in  the  Battery  Chart  as  follows  {see 
Appendix  VI.,  No.  2):  — 


No.  of  Barrage. 

Angle  of.  Switch. 

Distribution  angle. 

Bange. 

V.T. 

Q.E. 

A, 

5°  R. 

1° 

2,200 

0 

5°  22' 

A. 

8 

7 

6 

5 

4 

3 

2 

1 

5°  R 

6°  R 

7°  R 

GO 

9°  R 

o 

o 

11°  R 

12°  R 

The  lower  part  of  the  Battery  Chart  shows  the  angle  of 
deviation  of  each  gun  from  its  zero  line.  This  is  found  by 
combining  the  angle  of  switch  with  the  distribution  angle  or 
the  necessary  multiple  of  the  distribution  angle. 

It  will  be  noticed  that  the  angle  of  deviation  of  the 
directing  gun  equals  the  angle  of  switch. 

From  this  part  of  the  table  the  gun  charts  are  compiled. 

Note. — (i.)  Where  the  situation  does  not  permit  the 
passing  of  orders,  the  Battery  Commander  will  employ  the 
most  suitable  means  of  conveying  the  fire  orders  to  his  guns, 
e.g.,  by  giving  orders  himself  to  each  gun  Commander  in 
turn,  or  sending  the  orders  by  runner  to  the  gun  Commanders. 

Note. — Appendix  VI.,  No.  2  and  No.  3,  should  be  read 
before  proceeding  to  Section  10,  para.  4. 
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Vr outage  of  hatter y. 

Definition. 

The  frontage  of  a  battery  is  the  perpendicular  distance 
between  the  parallel  lines  of  the  fianh  guns. 

The  figure  shows  : — 

1.  Zero  lines  of  flank 
guns  of  a  battery,  Hh  and  Gg. 

As  the  angle  hHG  =  90 
deg.,  the  frontage  of  the 
battery  =  GH. 

2.  Parallel  lines  Hhi  and 
Ggi  after  a  switch. 

The  frontage  of  the 
battery  is  now  HX,  not  GH. 

Figure  XII. 

This  is  only  equal  to  the  distance  between  the  guns  when 
the  angle  (hHG)  between  the  line  of  fire  of  the  directing  gun 
and  the  line  of  guns  is  a  right  angle. 

The  error  arising  from  considering  the  battery  frontage  as 
the  distance  between  the  guns  may  be  always  neglected  where 
the  angle  hHG  is  between  110  deg.  and  VO  deg. 

In  other  cases  greater  accuracy  will  be  ensured  if  the 
frontage  HX  is  used  rather  than  the  distance  between  the 
guns  GH. 

To  obtain  HX 

{a)  Measure  it  on  the  map, 

or  (6)  Use  graph  No.  2,  Appendix  V.  {See  above. 

Case  II.,  Oblique  Barrage.) 

4.  TO  OBTAIN  PARALLEL  LINES  OF  FIRE. 

(a)  It  is  very  important  that  the  lines  of  fire  of  the  guns 
of  a  battery  should  be  parallel  when  first  laid  out^  and  every 
effort  should  be  mo,de  to  attain  this  object.  The  battery 
commander  will  then  have  a  definite  condition  from  which  to 
make  his  calculations,  and  can  switch  his  guns  from  one  target 
to  another  without  losing  parallelism,  distribute  his  fire 
correctly  over  a  given  front,  or  concentrate  it  on  a  given 
point,  by  means  of  the  methods  given  above  in  para.  2  and 
para.  3.  Any  of  the  methods  given  below  may  be  used,  and 
the  battery  commander  will  choose  that  most  suited  to  the 
situation.  In  general,  the  method  depending  on  the  distant 
B.O.  is  the  quickest  and  most  accurate,  the  compass  the 
slowest  and  most  inaccurate. 


h 
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(b)  Methods  depending  on  use  of  compass. 

Each  gun  is  laid  on  the  same  bearing  by  compass.  This 
bearing  is  the  bearing  of  the  zero  line.  The  methods  can  be 
any  of  those  given  in  Sec.  9. 

The  lines  of  a  battery  may  be  laid  by  compass  when  the 
ground  renders  it  impossible  to  place  the  guns  approximately 
in  a  line  and  there  is  no  R.O.  at  a  great  distance.  • 


The  figure  shows  a  four- 
gun  battery  in  shell  holes  with 
parallel  zero  lines  of  fire. 


V 

V 

<  > 

^  > 

Figure  XIII. 

This  may  occur  after  the  forward  move  of  batteries  to  new 
shell  hole .  positions,  from  which  to  create  a  S.O.S.  b*arrage 
line.  When  firing  in  this  direction  the  gun  intervals  should 
be  as  nearly  equal  as  possible. 

(c)  Methods  depending  on  the  use  of  a  director  or  a  gun  used 
as  a  director. 

The  zero  line  of  the  directing  gun  is  laid  out  by  any  of  the 
methods  described  in  Sec.  9  and  is  marked  by  two  posts. 

The  director  is  now  placed  in  line  with  the  two  aiming 
posts  at  least  50  yards  in  front  or  rear  of  the  battery,  with  the 
foresight  towards  the  target  and  clamped  at  zero. 

If  a  gun  is  being  used  the  reading  on  the  traversing  dial 


is  noted 


XC 

I 


The  figure  shows:  —  The 
director — 

(i.)  In  line  with  the  two 
aiming  posts; 

(ii.)  Laid  back  on  No.  4 
gun; 

(hi.)  Laid  back  on  No.  3 
gun ; 

(iv.)  No.  3  gun  lays  off  the 
angle  sSD  —angle  HDS,  and 
is  now  on  its  zero  line. 
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All  guns  now  lay  on  the  director. 

The  controlling  officer  now  faces  the  battery  and  lays 
back  over  the  director  {foresight  over  hachsight)  on  to  each 
gun  in  turn. 

The  angles  swung  through  are  noted  and  given  to  the  guns. 
Each  gun  lays  off  the  angle  given  to  it,  and  an  aiming  post  is 
put  out.  The  guns  are  now  in  parallel  zero  lines. 

Where  the  director  is  behind  the  battery,  the  procedure 
IS  the  same,  except : — 

(i.)  Guns  are  laid  back  on  the  director  from 
foresight  to  hachsight. 

(ii.)  Director  is  laid  on  guns  from  backsight  to 
foresight. 


The  figure  show^s:— The  director — 

(i.)  In  line  with  the  two  aiming 
posts; 

(ii.)  Laid  forward  on  No.  3  gun; 
(iii.)  No.  3  gun  laid  back  on  the 
director ; 

(iv.)  No.  3  gun  lays  off  the  angle 
sSC  =  angle  HDS,  and  is  now  on  its 
zero  line. 


The  lines  of  a  battery  may  be  laid  in  this  way  when  the 
ground  renders  it  impossible  to  place  the  guns  approximately 
in  a  straight  line  and  there  is  no  R.O.  at  a  great  distance. 

{(1)  Methods  de'pe7tding  on  the  use  of  a  ii.O.,  either  on  the 
map  or  put  out. 

When  all  the  guns  of  the  same  battery  are  laid  off  the  same 
angle  from  the  same  R.O.,  the  lines  of  fire  will  not  be  parallel 

(i.)  The  R.O.  is  at  an  infinite  distance. 

(ii.)  The  R.O.  is  in  direct  prolongation  of  the  line 
of  the  guns. 
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The  figure  shews  the  ‘ 
guns  of  a  4-gun  battery  :  — 

{a)  Laid  on  the  R.O. 
at  P. 

(&)  After  distribution 
to  obtain  parallelism. 


Figure  XVI. 

The  angle  of  distribution  for  the  battery  =  angle  tTP  =  angle 
HPT. 

The  angle  sSP  =  twice  angle  tTP. 

It  also  =  angle  HPs  =  twice  angle  HPT. 

The  angle  gHP  =  three  times  angle  tTP. 

It  also  =  angle  HPG  =  three  times  angle  HPT. 

To  obtain  the  distribution  angle,  measure  the  angle  HPG 
and  divide  it  by  the  number  of  gun  intervals. 

This  is  done  by  ordering  flank  guns  to  lay  on  each  other 
and  on  R.O. ;  each  gun  notes  the  angle  swung  through.  This 
measures  angle  PHG  and  PGH. 

Add  these  angles  together  and  subtract  their  sum  from 
180  deg.  The  result  is  angle  HPG.  Divide  this  angle  by  the 
number  of  gun  intervals  and  this  is  the  angle  of  distribution 
to  obtain  parallelism. 


Note. — The  three  angles  of  a  triangle  added  together 
180  deg. 


Example. — ^Angle  PHG  =  120° 

Angle  PGH  =  57° 
adding  =  177° 

180°  -  177°  =  3° 

Dividing  by  number  of  gun  intervals  (3) 
Result  =  1°. 

As  the  zero  lines  are  unlikely  to  be  the  lines  obtained 
above,  it  will  be  necessary  to  switch  the  parallel  lines  once 
these  are  obtained.  In  practice  it  is  found  better  to  order  the 
switch  angle  first  and  .the  distribution  angle  for  parallelism 
second.  {See  Barrage  Drill,  Stage  2.) 

The  result  obtained  is  the  same  and  the  angle  of  distribu- 
i-iorj  for  parallelism  is  independent  of  the  switch  angle. 
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Draw  GD  parallel  to 
HP.. 

The  figure  shews  the 
lines  of  fire  of  a  4-gun 
battery. 

(a)  Laid  on  R.O.  at  P. 

(&)  On  parallel  lines 
after  distribution. 

(c)  On  parallel  zero 
lines 


Figure  XVII. 

Then  in  order  for  the  gun  at  G  to  fire  on  its  zero  line  Gg, 
It  must  lay  oft  the  angle  gGP  =  angle  gGD  plus  angle  DGP 

=  angle  hHP  plus  angle  HPG 
rvx.  £  =  switch  angle  plus  angle  HPG. 

A’  . angle  HPG  as  described  above  and 
divide  this  angle  by  the  number  of  gun  intervals.  This  is  the 
angle  of  distribution  for  the  battery. 

Example  :  —  If  switch  angle  =  60°, 

Angle  of  distribution  =  1°[  _  . 

Order — All  guns  on  K.O. 

All  guns  60°  right, 

No.  4  gun  directs, 

^  TT  ^  ,  .  Distribute  1°. 

Case  IT. — R.O.  behind  guns. 


Case  1. — R.O.  in  front  of  guns. 


The  figure  shows  the  flank 
guns  of  a  battery 

(a)  Laid  on  R.O. ; 

(6)  On  parallel  zero  lines. 

Draw  GD  parallel  to  HP. 
Since  Hh  and  Gg  are  parallel, 
and  HP  and  GD  are  parallel, 
therefore  angle  hHP  =  angle 
gGD,  and  angle  HPG  -  angle 
PGD.  ^ 


Figure  XVIII. 
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Now  the  gun  at  G  lays  off  the  angle  gGP 
-  angle  gOD  -  angle  PGD 
angle  hHP  —  angle  HPG. 

Therefore,  proceed  as  in  Case  I.,  order  all  guns  to  lay  off 
the  switch  angle  and  concentrate  instead  of  distribute. 

Note. — The  angle  of  concentration  is  obtained  by  dividing 
the  angle  HPG  by  the  number  of  gun  intervals. 

It  may  happen  that  no  suitable  R.O.  exists  which  is 
marked  on  the  map,  but  some  object  may  be  used  which  is  not 
on  the  map,  and  by  taking  a  bearing  to  this  the  angle  of 
switch  necessary  to  obtain  the  zero  line  can  be  obtained. 

This  object  can  then  be  used  to  obtain  parallelism  as 
described  above. 

The  R.O.  must  he  as  fa,r  away  as  possible^  and  it  is 
sufficient  if  the  guns  are  approximately  in  line. 

If  there  is  no  suitable  R.O.  one  must  be  put  out  in  the 
line  of  the  guns  at  a  distance  of  at  least  400  yards  if  possible ; 
and  the  guns  should  be  in  line  as  accurately  as  possible. 

Here  the  bearing  to  the  R.O.  is  taken  from  position  of  the 
directing  gun.  ^ 

It  may  happen  that  the  R.O.  is  invisible  from  one  of  the 
gun  positions  or  that  the  gun  is  out  of  line. 

In  this  case  its  line  can  be  laid  :  — 

{a)  By  compass ; 

{bj  By  laying  on  any  gun  which  has  obtained  its 
zero  line. 

h 


The  figure  shews  Hh 
the  zero  line  of  a  gun 
already  obtained,  Gg  the 
zero  line  of  a  gun  ob¬ 
tained  as  follows :  — 

The  guns  lay  on  each 
other. 

The  gun  at  H  records 
the  angle  hHG. 

The  gun  at  G  sub¬ 
tracts  this  from  180  deg., 
and  lays  off  the  result 
from  the  gun  at  H.  It  is 
now  on  the  parallel  line 
Cg. 


t' ip;  1 1  re  \  I  X 


G 
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Note. — Since  Hh  and  Gg  are  parallel,  angle  hHG  plus 
angle  gGH  =180  deg. 

5,  INDIEECT  FIRE  BY  MACHINE  GUN  BATTERIES  WHERE  A  1/20,000 
OR  LARGER  SCALE  MAP  IS  NOT  AVAILABLE. 

In  order  to  deal  with  the  tactical  situation  discussed  in 
Section  40,  Part  I.  (Open  Warfare),  provision  must  be  made- 
in  the  training  of  Machine  Gun  Units  for  applying  the  indi^ct 
fire  of  batteries  without  the  use  of  contoured  maps. 

The  principles  of  distribution  and  concentration  of  fire 
from  parallel  lines  and  the  methods  of  obtaining  parallel  lines 
remain  unchanged,  but  modifications  are  required  in  the 
method  of  laying  out  the  zero  line  of  the  directing  gun  and 
obtaining  its  elevation. 

In  the  following  the  word  director  will  be  taken  to 
mean  either  a  director  proper  or  some  means  of 
improvising  a  director,  e.g.,  a  machine  gun,  a  compass  in 
conjunction  with  an  angle  of  sight  instrument,  or  a  sextant. 

Two  cases  now  arise : — 

Case  I. 

Where  the  target  can  be  seen  from  the  vicinity  of  the 
battery  position. 

The  line  to  the  target  is  marked  by  two  aiming  posts. 

The  director  is  then  placed  in  line  with  the  two  aiming 
posts  at  least  50  yards  in  front  of,  or  rear  of,  the  line  of  the 
battery,  and  the  guns  are  laid  for  direction  as  described  in 
Sec.  10,  4,  c. 

Elevation  is  obtained  as  in  Sec.  9,  para.  2,  B. 

Case  II. 

Where  the  target  can  only  be  observed  from  some  distance 
to  a  flank. 

The  line  of  fire  of  the  directing  gun: — 

(i.)  Is  laid  out  by  the  method  described  in  53,  B. 
(ii.)  The  battery  commander  orders: — 

All  guns  parallel  to  No .  gun. 

(This  being  directing  gun.) 

This  is  done  by  one  of  the  methods 
described  in  Sec.  10,  para.  4. 

In  either  case  the  battery  commander  is  now  in  a  position 
to  distribute  or  concentrate  his  fire  as  occasion  arises. 

This  type  of  fire  should  not  be  carried  out  over  the  heads 
of  troops  in  the  open,  unless  they  are  moving  to  a  definite  time 
table,  and  the  clearances  can  bo  found.  Sec.  12,  para.  2,  B. 
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11. — MAINTAINING  LAYING. 

After  a  gun  has  been  laid  for  direction  and  elevation  by 
juiy  of  the  means  described  in  Secs.  9  and  10,  an  aiming  post 
is  put  out  in  order  to  maintain  direction  and  elevation.  The 
tjujgent  sight  slide  is  run  up  until  the  sights  -are  aligned  on 
tli('.  bull  on  the  aiming  post,  and  the  laying  is  maintained  by 
relaying  on  the  bull  between  bursts.  In  addition,  the  eleva¬ 
tion  should  be  frequently  checked  by  the  clinometer. 
Appendix  X.  describes  two  types  of  aiming  posts  in  use. 

Inaccurate  laying  on  the  auxiliary  aiming  mark  can  only 
be  avoided  by  training  the  personnel.  Too  much  stress  cannot 
belaid  on  this  part  of  the  machine  gunner/ s  training,  as 
failure  to  realise  the  importance  of  accurate  aiming  may  lead 
to  fire  becoming  dangerous  to  our  own  troops,  and  a  conse- 
(pient  loss  of  confidence  by  the  infantry. 

Machine  gunners  should  be  tested  in  aiming  from  time  to 
time  by  the  “  triangle  of  error  ’’  method. 

Note. — W^here  no  form  of  artificial  aiming  mark  is 
available,  some  natural  object  on  the  ground  may  be  selected. 
This  should  only  be  regarded  as  a  makeshift,  and  not  taught 
as  a  general  practice. 

12. — SAFETY  CLEARANCES. 

The  clearance  at  any  point  over  which  fire  is  being 
directed  is  the  vertical  distance  of  the  centre  of  the  cone 
above  that  point. 

1.  When  indirect  fire  is  carried  out  over  the  heads  of  our 
own  troops  the  following  rules  must  be  adhered  to  in  order 
to  ensure  the  safety  of  the  troops: — 

(i.)  The  following  minimum  clearances  of  the 
centre  of  the  cone  are  required  :  — 


Range  to  Friendly  Troops 

Minimum  Clearance 

Yards 

Metres 

600  yards  and  under 

11 

10 

700  yards  . . 

13 

12 

800  . 

15 

14 

900  . 

17 

16 

1,000  . 

20 

18 

1,100  ...  . 

23 

21 

1,200  . 

27 

25 

1,300  . 

31 

28 

1,400  . 

35 

32 

1,500  . 

40 

37 

1,600  ...  ...  ... 

46 

42 

1,700  . 

53 

48 

I,H00  . 

60 

55 

1,000  . 

69 

63 

'.!,()00  . 

80 
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(ii.)  Our  own  troops  must  not  be  more  than  2,000 
yards  from  the  guns. 

(iii.)  Steps  must  be  taken  to  prevent  such  extremes 
of  traversing  and  searching  as  would  violate  (i.). 
This  is  best  done  by  using  traversing  and  elevating 
stops. 

(iv.)  Calculations  must  be  carefully  checked  and 
atmospheric  conditions  allowed  for. 

(v.)  The  rigidity  of  the  firing  platform  is 
essential.  This  is  obtained  by  the  use  of  the  T  base. 

(vi.)  Elevation  must  be  frequently  checked  by  the 
clinometer. 

(vii.)  The  personnel  must  be  highly  trained  in 
accurate  aiming  and  relaying. 

(viii.)  The  maps  used  must  be  accurate  and  the 
scale  not  smaller  than  1/20,000. 

(ix.)  Worn  barrels  an-d  tripods  should  not  be  used 
(x.)  Our  own  troops  should  be  warned  when  firing 
is  going  to  take  place. 

(xi.)  Clinometers  should  be  frequently  tested. 

The  following  table  shows  the  various  causes  which  may 
result  in  fire  becoming  dangerous,  and  how  these  causes  may 
be  avoided : —  


How  avoided 


Cause 


(i.)  Worn  barrels. 


(ii.)  Worn  mountings. 

(iii.)  Bad  holding. 

(iv.)  Bad  laying  on  auxi¬ 
liary  aiming  mark, 
(v.)  Extremes  of  travers¬ 
ing  and  searching. 

(vi.)  Error  in  calculation, 
(vii.)  Failure  to  allow  for 
atmospheric  condi¬ 
tions. 

(viii.)  Inaccurate  Clinometer, 
(ix.)  Mounting  sinking. 


Replacement  by  new  barrels, 
but  the  life  of  a  barrel  is 
increased  by  care  in  oiling 
and  pulling  through.  ^ 

Replacement  by  new  tripods 
or  by  the  use  of  washers. 

Training  of  personnel. 

Training  of  personnel. 

Training  of  personnel  and 
use  of  traversing  and  de¬ 
pression  stops. 

Practice  in  the  use  of  the 
Tables  and  Graph. 


Constant  testing. 

Use  of  T  bases  and  care 
in  construction  of  firing 
platforms. 
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The  importance  of  the  rigid  platform  may  be  better 
r(‘M,liHod  if  it  is  remembered  that  a  change  of  elevation  of 
:$()  min.  is  caused  if  the  front  legs  sink  l/3rd  inch  while  the 
re;ir  legs  remain  fixed,  and  vice  versa  if  the  rear  legs  sink 
wliile  the  front  legs  remain  fixed.  As  this  error  is  neutralized 
by  relaying  on  an  auxiliary  aiming  mark,  the  necessity  for 
constant  and  accurate  relaying  is  again  emphasized. 

Note. — The  safety  clearances  are  based  on:  — 

(i.)  A  possibility  of  5  per  cent,  error  in  range  on 
the  map. 

(ii.)  A  possibility  of  10  per  cent,  error  in  range, 
due  to  worn  barrel,  bad  holding,  etc. 

(iii.)  A  possible  error  of  40  min.  in  the  play  of  the 
tripod. 

(iv.)  Allowance  for  the  lowest  shot  of  the  cone. 

2.  (A)  To  find  the  clearance  over  the  friendly  troops, 

using  Tables  2  (A)  or  2  (B)  (Appendix  IV.). 

Definition  of  equivalent  range. 

The  range  at  which  the  centre  of  the  cone  would  strike 
the  horizontal  plane  through  the  gun  position. 

It  is  found  by  using  Table  1,  Columns  1  and  2,  and  is  used 
to  determine  the  heights  of  the  trajectories  above  the 
horizontal  plane  by  means  of  Table  2  (A). 

Note. — There  is  no  equivalent  range  if  the  Q.E.  is 
negative. 


Example  1.  Target  above  gun. 


The  figure  shows  the  trajectory  to  hit  the  target  at  T  and 
GB,  the  equivalent  range  on  the  horizontal  plane  through  the 
gun  position. 


If  GT  =  1,600  yards 

and  target  is  10  yards  above  gun. 

Table  3  (A)  gives  QE  =  177'. 

Table  1,  Columns  1  and  2  shew  equivalent  range  =1,700 
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Example  2. 


Target  below  gun. 

The  figure  shows  the  trajectory  to  hit  the  target  at  T  and 
GB,  the  equivalent  range  on  the  horizontal  plane  through 
the  gun  position. 

If  GT  =  2400  yards 

and  target  is  55  yards  below  gun 

Table  3  (B)  gives  Q.E.  =  322' 

Table  1,  Columns  1  and  2  shew  equivalent  range -2200 
i.e.,  GB  =  2200. 

Procedure  to  find  clearance. 

Determine  Q.E.  and,  when  possible,  the  equivalent  range. 
Note  the  gun  contour. 

Note  the  friendly  troops  contour. 

And  so  obtain  the  V.I.  between  the  gun  and -our  own 
troops. 

The  following  two  cases  may  arise  :  — 

Case  I. 

Where  the  trajectory,  as  it  passes  over  our  own  troops, 
is  above  the  horizontal  plane  through  the  gun  position. 

Rule. 

Find  the  height  of  the  trajectory  at  the  range  to  our  own 
troops  above  the  horizontal  plane  through  the  gun  position. 

(This  is  done  by  finding  the  equivalent  range  and  using 
Table  2  (A).) 

If  the  friendly  troops  are  above  the  gun,  subtract  the 
V.I.  between  the  gun  and  our  own  troops  from  the  trajectory 
height. 

The  result  is  the  clearance.  {See  Fig.  I.) 

If  our  own  troops  are  below  the  gun,  add  the  V.I.  to  the 
trajectory  height. 

The  result  is  the  clearance.  (See  Fig.  II.) 
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H 


HA  =  height  of  trajectory  above  HP. 

FA  =  V.I.  between  our  own  troops  and  gun. 
Clearance  =  HA  —  FA. 


=  HA  -  VI. 

Fig.  IL 


HA  =  height  of  trajectory  above  HP. 

FA  =  V.I.  between  our  own  troops  and  gun. 
Clearance  =  HA  +  FA. 


=  HA  +  VI. 

Case  II. 

Where  the  trajectory  as  it  passes  over  our  own  troops 
is  below  the  horizontal  plane  through  the  gun  position. 

Rule. 

Find  the  depth  of  the  trajectory  at  the  range  to  our  own 
troops  below  the  horizontal  plane  through  the  gun  position. 

(This  is  done  by  finding  the  equivalent  range  and  using 
Table  2  (A)  if  the  Q.E.  is  positive,  by  using  Table  2  (B)  if  the 
Q.E.  is  negative.) 

'  Subtract  the  depth  of  the  trajectory  from  the  V.I.  between 
the  gun  and  our  own  troops. 


The  result  is  the  clearance.  (See  Fig.  I.  and  Fig.  II.) 


*  HA  =  Depth  of  trajectory  below  HP. 


FA  =  V.I.  between  our  own  troops  and  guns. 
Clearance  =  V.I.  —  HA. 
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FA  =  V.I.  between  our  own  troops  and  guns. 

Clearance  =  V.I.  —  HA. 

Clearances  may  also  be  found  by  using  graph  No.  1.  (See 
Appendix  V.) 

This  method  is  much  shorter  and  mistakes  are  less  liable 
to  be  made. 

(B)  Where  fire  is  being  carried  out  as  described  in 
Sec,  9,  para.  2  B,  clearances  can  be  found  as  follows : — 

(i.)  Determine  the  range  to  our  own  troops  and 
the  angle  of  sight  from  the  gun  to  our  own  troops  in 
exactly  the  same  manner  as  determining  the  range 
to  the  target  and  the  angle  of  sight  to  the  target. 

(ii.)  Obtain  the  V.I.  between  the  gun  and  our  own 
troops  from  the  formula  :  — 

(Angle  of  sight  from  gun  to  our  own  troops)  X 

V.I.  =  (Range  from  gun  to  our  own  troops) 
y,400. 

It  is  now  simple  to  find  the  clearance  proceeding,  as 
described  in  2  (A)  above. 

3.  CLEARING  THE  OBSTRUCTION. 

In  all  cases  where  an  obstruction  exists  between  the  gun 
and  the  target,  it  is  necessary  to  ensure  that  the  shots  will 
clear  the  obstruction  before  opening  fire. 

To  do  this  : — 

1.  After  the  gun  has  been  laid  for  direction  and  elevation 
adjust  the  tangent  sight  slide  to  read  the  range  from  the  gun 
to  the  top  of  the  obstruction.  If  on  looking  along  the  sights 
the  obstruction  is  not  visible,  the  shots  will  clear. 

Note. — If  the  line  of  sight  only  just  clears  the  obstruction, 
the  lower  half  of  the  cone  will  strike  the  obstruction. 

2.  If  the  distance  to' the  obstruction  is  under  100  yards 
put  the  sights  at  zero  (the  gun  being  already  laid  for  direction 
and  elevation) ;  if,  on  looking  along  the  sights  the  obstruction 
is  not  visible,  the  shots  will  clear. 
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.3,  If  the  obstruction  is  invisible  (such  as  the  summit  of 
a  bill  hidden  by  a  false  crest)  neither  of  the  methods  given 
above  will  apply,  and  the  clearance  must  be  found  by  the 
ii)(‘(hod  given  in  para.  1,  substituting  Obstruction  for 
“  Our  Own  Troops.”  The  clearance  must  be  at  least  equal  to 
half  the  height  of  the  cone. 

*4.  TRAJECTORY  TABLES. 


Table  2  (A)  is  the  trajectory  table  for  positive  quadrant 
elevations.  It  is  compiled  as  follows : — 


To  find  the  height  of  the  trajectory  at  a  distance  GB  when 
firing  at  a  range  GT. 

By  definition  angle  TGC  =  TE  for  range  GT,  Sec.  49,  para.  1, 
and  assuming  the  rigidity  of  the  trajectory, 

By  definition  angle  AGO  =  TE  for  range  GA 
=  TE  for  range  GB 

(since  GA  =  GB  approximately  the  angle  AGB  being  small). 
But  angle  BGA  =  angle  TGC  —  angle  AGO 

=  TE  for  range  GT  -  TE  for  range  GB. 

Now  applying  the  angle  of  sight  formula 
VI  ,  S  X  HE 

S  =  gg  X  3348  and  so  VI  =  ~34§^' 

,  and  remembering  S  =  angle  BGA.  Sec.  49,  para.  3. 

VI  =  AB 
HE  =  GB 

the  clearance  AB  =  (TE  for  range  GT  —  TE  for  range  GB)  x  GB 

3438 

Example: — To  find  height  of  1,700  yards  trajectory  at 
1,000  yards. 

TE  for  1700  =  177 
TE  for  1000  =  62 

AB  =  (177  -  62)  X  1000 
3438 

=  115  X  1000 
3438 

=  33-4  yards. 

Table  2  (A)  gives  33-3. 
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Table  2  (B)  is  the  trajectory  table  for  negative  quadrant 
elevations.  It  is  compiled  as  follows: — 

Horizontal  plane. 


To  find  the  depth  of  the  trajectory  below  the  horizontal 
plane  through  the  gun  position  at  a  distance  GB  when  firing 
with  a  quadrant  elevation  =  angle  BGC. 

By  clehuition  angle  BGC  =  QE 
,,  ,,  ,,  AGO  —  TE  for  range  GA 

-  TE  for  range  GB 
(since  GA  =  GB  approximately) 

But  angle  BGA  =  angle  BGC  +  angle  AGO 
Now  applying  the  angle  of  slight  formula 
V.I. 

S  =02  X  3438 

and  remembering  S  =  angle  BGA 
V.Ii  =  AB 
H.E.  =  GB 

Then  AB  =  (QE  +  TE  for  range  GB)  x  GB 
3438 

Supposing  a  negative  angle  of  Q.E.  of  100  min. 

To  find  depth  of  trajectory  below  horizontal  plane  at  a 
distance  of  1,000  yards. 

Then  TE  for  1000  yards  =  62'. 

AB  =  (100'  -  62')  X  1000 
3438 

=  47*1  yards. 

Table  23  (B)  gives  47-2. 

In  addition,  all  graphs  and  other  aids  to  determine 
clearances  without  calculation  are  based  on  these  Trajectory 
Tables. 

13.— NIGHT  FIEING. 

1.  When  indirect  fire  is  carried  out  by  night,  the  gun 
position  must  be  fixed  by  day,  and  a  post  at  some  known 
direction  from  the  gun  position  must  be  placed  in  the  ground 
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by  day,  or  at  dawn  or  dusk,  as  it  is  usually  impossible  to  do 
these  things  with  accuracy  after  dark.  After  dark,  the  post 
must  be  replaced  by  some  illuminated  aiming  mark. 

2.  Night  Aiming  Mark. — (a)  Experiments  with  aiming 
marks  covered  with  luminous  paint  have  not  proved  successful. 
Even  on  a  dark  night  such  aiming  marks  require  very  frequent 
exposure  to  artificial  light  in  order  to  retain  the  necessary 
luminosity,  and  even  then  afford  no  definite  point  of  aim. 

Another  objection  is  that  such  aiming  marks  cannot  be 
seen  at  all  in  the  ^‘half-light’’  of  dawn  or  dusk,  or  on  a 
moonlight  night. 

(h)  Lamps  containing  oil  burners  or  candles  are  a 
constant  source  of  trouble  because  the  lamp  must  be  lighted 
before,  and  extinguished  after  each  target  is  engaged.  If  this 
is  not  done  the  mark  becomes  obscured  by  the  smoke  of 
combustion,  and  in  the  case  of  a  candle  the  lamp  becomes 
hot  and  the  candle  melts. 

(c)  The  most  satisfactory  aiming  mark  is  an  electric  box 
as  described  in  Appendix  X. 

The  light  can  be  switched  on  from  the  gun  position  and 
can  be  put  out  as  soon  as  the  firing  is  completed.  The  box 
is  easily  carried  and  is  not  likely  to  break  during  transport. 

The  aiming  mark  is  12  inches  wide,  and  therefore,  when 
placed  yards  from  the  gun,  gives  a  traverse  of  2  degrees. 
This  is  a  great  advantage  over  “  point  ”  aiming  marks,  where 
the  limit  of  traverse  has  to  be  guessed. 

With  this  aiming  box,  used  in  conjunction  with  the 
luminous  bar  foresight  (Appendix  X.)  and  a  luminous 
backsight,  any  type  of  indirect  fire,  including  barrage  fire, 
can  be  performed  b^^  night  with  accuracy. 

3.  An  Electric  Torch  is  essential  at  the  gun  for  reading 
graduations  on  the  Direction  Dial  and  tangent  sight,  and 
for  setting  the  clinometer. 

4.  B expression  Stops  and  Traversing  Stops ^  when  set 
correctly,  automatically  ensure  the  safety  of  our  own  Infantry, 
and  thus  diminish  the  strain  on  the  firer. 

5.  Flash  Obscurers  have  been  produced  which  effectively 
conceal  the  flash  from  view,  but  they  invariably  disperse  the 
cone  to  such  an  extent  that  they  make  overhead  fire  impossible. 
OonseqiKmtly,  there  is  no  pattern  which  can  be  recommended. 
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On  the  other  hand,  it  has  been  proved  experimentally  that 
screens  of  canvas  or  sandbags  have  no  effect  on  a  cone  which 

is  fired  through  them,  and 
such  screens  when  wet  effec¬ 
tively  screen  the  flash.  Care 
should  be  taken  to  screen 
the  flash  at  the  sides  as  well 
as  the  front. 


6.  When  the  firing  is  done  from  positions  some  way 
behind  our  front  line,  and  especially  when  this  is  reached  by 
overland  routes,  special  precautions  must  be  taken  against 
endangering  friendly  troops  who  are  passing  near  the  gun 
position. 


This  is  done  by  posting  sentries  or  by  wiring  in  the  danger 
area.  The  safety  of  working  parties  and  patrols  in  No  Man's 
Land  must  be  secured  by  liaison  with  Battalions. 


14.—SEARCHING  REVERSE  SLOPES. 


In  order  to  search  a  reverse  slope  effectively,  the  gun  must 
be  placed  at  such  a  distance  from  the  crest  that  the  fall  of  the 
bullet  is  steeper  than  the  slope  of  the  ground. 


Table  7  (Appendix  IV.)  has  been  compiled  to  enable  the 
machine  gunner  to  do  this  without  making  elaborate  calcula¬ 
tions.  If  this  Table  be  used  according  to  the  following 
instructions,  the  angle  ABC  (see  diagram  above)  will  be 
between  100  and  200  minutes. 

1.  METHOD  OF  USING  TABLE  7. 

(i.)  Find  the  fall  in  yards,  per  100  yards  of  the  slope.  To 
do  this  it  is  best  to  find  the  fall  for  several  hundred  yards  of 
the  slope,  and  then  calculate  the  average  fall  per  hundred 
yards. 

(Suppose  the  fall  is  6  yards  per  100  yards.) 

(ii.)  Draw  a  line  on  the  map  representing  the  probable  line 
of  fire.  This  will  be  so  as  to  engage  the  target  in  enfilade 
when  possible. 

(hi.)  Observe  from  the  map,  whether  the  gun  is  likely  to  be 
above  or  below  the  top  of  the  slope. 
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(iv.)  Suppose  it  is  above.  On  the  right  half  of  Table  7 
(Cun  above  Crest)  and  in  the  top  column  find  the  figure  6,  and 
notice  the  range  in  the  column  beneath  it  (i.e.,  1,400  yards). 

(v.)  Measure  back  from  the  top  of  the  slope  1,400  yards 
along  the  line  of  fire. 

(vi.)  Find  the  difference  between  the  height  of  this  point 
and  the  height  of  the  top  of  the  slope  (say  20  yards). 

(vii.)  Find  20  in  the  centre  column,  and,  reading  along  the 
column  to  the  right,  find  the  range  below  the  6  in  the  top 
column  (i.e.,  1,600  yards). 

(viii.)  Measure  back  1,600  yards  from  the  top  of  the  slope, 
along  the  line  of  fire.  The  point  thus  found  is  the  point  in 
which  to  place  the  gun. 

(ix.)  KnoAving  the  gun  position,  and  the  position  and  height 
of  the  top  of  the  slope,  find  by  the  ordinary  methods  of  indirect 
fire,  the  direction  and  elevation  necessary  to  hit  the  top  of 
the  slope. 

2.  SPECIAL  POINTS. 


(i.)  In  certain  cases  both  sides  of  Table  7  may  be  satisfied. 


Example: — 


Fall  5  yards  per  100  yards. 

Then  using  the  right  side  of  Table  7,  the  gun  must  be 
placed  1,350  yards  from  the  slope,  when  the  gun  is  above  the 
crest.  Or,  using  left  side,  if  the  range  is  1,850  yards,  the  gun 
must  be  below  the  crest. 

In  such  a  case  the  controller  can  decide  for  himself  which 
position  is  the  best  to  occupy. 

(ii.)  Neither  side  of  Table  7  may  be  satisfied. 


Example: — 

Fall  5  yards  per  100  yards. 
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On  measuring  back  1,350  yards,  the  gun  may  be  below 
the  crest,  and  in  measuring  back  1,850  yards,  the  gun  may  be 
above  the  crest.  In  such  a  case,  which  will  be  extremely  rare, 
choose  a  position  between  the  two  which  is  on  the  same  level 
as  the  'crest.  The  reverse  slope  can  be  engaged  from  this 
position. 

(hi.)  As  the  searching  of  reverse  slopes  is  just  a  special 
type  of  indirect  fire,  searching  and  traversing  •  will  be 
employed  as  usual,  with  the  exception  that  searching  will  be 
very  restrained. 

If  AB  represents  the  length  of  the  beaten  zone  on  the 
horizontal  plane,  AC  will  represent  the  length  of  beaten  zone 


on  the  slope  AC.  In  all  cases  AC  will  greatly  exceed  AB,  and 
‘Consequently  two  or  three  turns  of  the  elevating  wheel  will 
cover  a  target  several  hundreds  of  yards  in  length. 

(iv.)  The  final  position  indicated  by  Table  7  may  be  an 
impossible  one,  say,  in  a  river  or  a  marsh.  In  such  a  case  a 
gun  position  should  be  selected  further  away  from  the  slope 
rather  than  nearer  to  the  slope. 

By  moving  further  back  the  range  is  increased,  and 
consequently  the  angle  of  descent  of  the  bullet,  but  by  going 
nearer  to  the  crest  the  angle  of  descent  is  decreased,  and  it 
may  become  impossible  to  search  the  reverse  slope  at  all. 

(v.)  Fire  should  be  directed  at  the  top  of  the  target,  which 
may,  or  may  not,  be  the  crest  of  the  hill.  If  the  top  of  the 
target  is  not  the  top  of  the  hill,  calculations  should  be  made 
to  see  if  the  hill  will  be  cleared  or  not.  If  the  crest  is  not 
cleared,  the  gun  should  be  taken  back  to  such  a  range  that 
the  obstruction  will  be  cleared. 

{See  example  map  attached.) 

Search  the  track  from  Q.ll.d.Ji.615  to  Q. 11. d. 39 51. 

Length  of  road  =200  yards.  Fall  is  10  metres  =  11  yards. 
I’herefore  fall  per  100  yards""  5^  yards.  Work  on  6  yards, 
'rhe  gun  will  be  below  the  crest,  so  use  left  side  of  Table  7. 
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Measure  back  1,850  yards  («.«.,  Q.24.C.22.51).  Height  of  this 
position  IS  71  metres.  Height  of  top  of  target  is  110  metres. 
Iheretore  the  gun  is  39  metres  =  43  yards  below  the  top  of 
the  target. 

Find  40  in  the  centre  column  of  Table  7,  and  find  the  range 
opposite  this  and  below  the  6  on  the  left  (i.e.,  1,800  yards) 
This  IS  the  final  gun  position  (at  Q.24.C.20.57).  If  this  point 
IS  unsuitable  for  a  gun  position,  move  back  along  line  of  fire 
until  a  suitable  position  is  found  (say,  at  Q.24.C.3100).  Then 
calculate  the  angle  of  quadrant  elevation  in  the  usual  manner, 
and  before  firing  ascertain  whether  the  obstruction  at 
Q.l7.b.60.30  will  be  cleared. 

15.--EIIROIIS. 

The  most  probable  errors  which  affect  indirect  laying  have 
been  described  in  the  preceding  analysis.  These  errors  are 
now  summarised  in  order  to  assist  the  Machine  Gun  Company 
Commander  to  draw  up  his  training  piogramme. 

Errors  on  the  'part  of  Officers. 

(i.)  Inaccurate  map  work. 

(ii.)  Inaccurate  compass  work,  which  may  affect 
both  the  fixing  of  the  gun  position  and  laying  out  the 
line  of  fire. 

(iii.)  Choice  of  reference  object  too  near  the  gun 
position. 

(iv.)  Inaccurate  calculations  and  failure  to  allow 
for  atmospheric  changes. 

(v.)  Use  of  instruments  such  as  clinometers,  angle 
of  sight  instruments,  when  not  in  accurate  adjust¬ 
ment,  and  of  worn-out  material,  such  as  barrels,  etc. 

Errors  on  part  of  Personnel. 

(i.)  Inaccurate  aiming. 

(ii.)  Inaccurate  placing  of  elevation  on  the  gun. 
(iii.)  Inaccurate  use  of  traversing  dials,  T  ’’ 
aiming  marks  and  bar  foresights. 

(iv.)  Failure  to  oil  up,^^  etc.,  during  a  barrage. 

.16— MODIFICATIONS  IN  EQUIPMENT. 

1.  SAFETY  DEVICES. 

In  order  to  secure  the  safety  of  the  troops,  over  whose 
heads  fire  is  being  directed,  it  is  most  important  to  ensure  the 
rigidity  of  the  mounting. 
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Without  this,  traversing  and  depression  stops  do  not 
prevent  fire  becoming  dangerous  if  the  mounting  sinks, 
because  these  form  parts  of  the  mountings.  This  rigidity  is 
obtained :  — 

(i.)  By  careful  construction  of  firing  platforms, 
(ii.)  By  the  use  of  T  ”  bases. 

The  latter  is  much  preferable. 

Fig.  1,  Appendix  IX.,  shows  a  type  of  T  base  easily 
made,  but  which  must  be  adjusted  to  each  tripod. 

Fig.  2,  Appendix  IX.,  shows  a  type  which  is:  — 

(i.)  Collapsible  and  therefore  more  easily  carried, 
and  less  likely  to  render  the  carrier  conspicuous. 

(ii.)  Adjustable. 

After  the  tripod  has  been  placed  on  the  T  base,  which 
in  soft  ground  should  be  reinforced  by  a  layer  of  sandbags 
underneath,  a  few  sandbags  are  placed  across  the  legs. 

Provided  that  a  rigid  mounting  has  been  obtained, 
traversing  stops  prevent  the  firer  swinging  his  gun  beyond 
the  prescribed  limits  of  traverse. 

At  the  same  time  depression  stops  prevent  the  fire 
becoming  dangerous  by  depression  of  the  gun. 

2.  In  order  to  obtain  the  accuracy  of  direction  now 
required  for  indirect  fire,  it  is  necessary  to  be  able  to  lay  off 
to  10  min.  This  cannot  be  done  by  the  direction  dial,  and  is 
done  by :  — 

(i.)  The  T  ’’-shaped  aiming  mark,  Fig.  T., 
Appendix  X.  :  This  is  graduated  in  inches,  and,  when 
placed  yards  from  the  gun — 

1  inch  represents  a  traverse  of  10  minutes. 

6  inches  ,,  ,,  ,,  ,,  1  degree. 

The  aiming  mark  gives  a  traverse  of  3  degrees  either 
side.  It  cannot  be  used  at  night. 

(ii.)  The  combination  of  the  bar  foresight, 
telescopic  aiming  post  and  night-firing  box.  Fig.  2, 
Appendix  X.,  allows:  — 

(a)  7  deg.  either  side  of  the  centre  to  be  laid 
off  and  readings  to  10  min.  intervals. 

(h)  A  traverse  of  2  deg.  either  side  of  the 
centre  line  by  placing  the  post  9^  yards  from 
the  gun,  with  arms  horizontal. 
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(c)  Elevation  through  4  deg.  if  the  arms  are 
vertical. 

(c)  Elevation  through  4  deg.  if  the  arms  are 
1  deg.  either  side  of  centre  without  moving  the 
cursor  on  the  bar  foresight,  and  7  deg.  to  be  laid 
off  either  side  of  the  centre  by  moving  the  cursor. 

3.  Bayonet  signalling  shutters  (Venetian  flappers)  have 
bo(m  often  used  for  controlling  the  fire  of  a  battery. 

4.  Condenser  bags  have  been  found  useless,  and  are 
replaced  by  petrol  tins. 

5.  The  introduction  of  a  rotatable  dial  much  simplifies 
laying  off  angles,  as  it  overcomes  the  difficulties  of  addition  , 
and  subtraction,  over  which  mistakes  have  been  easily  made 
in  the  past. 

6.  The  necessity  of  accurate  indirect  fire  by  a  large 
number  of  guns  renders  necessary  clinometers  on  a  scale  of 
one  per  gun. 

7.  Some  form  of  large  protractor  in  the  shape  of  a  sector 
of  a  circle  with  an  angle  of  30-45  deg. 


17.— MACHINE  GUN  BARRAGE  FIRE. 

(See  Fart  Sec.  5  and  6.) 

I.  Barrage  fire  by  machine  guns  is  the  fire  of  a  large 
number  of  guns  acting  under  a  centralised  control,  directed 
on  to  definite  lines  or  areas,  in  which  the  frontage  engaged 
by  /I  gun  approximates  40  yards. 
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Barrage  fire  is  carried  out  by: — 

(i.)  Artillery. 

*  (ii.)  Trench  Mortars. 

(hi.)  Machine  Guns. 

The  best  results  in  any  operation  can  only  be  obtained 
by  conceiving  the  barrage  plan  as  a  whole  and  allotting 
to  the  different  weapons  tasks  which  their  characteristics 
render  them  most  fitted  to  carry  out. 

There  are  four  types  of  barrage  fire : — 

(i.)  Preliminary  bombardment. 

(ii.)  Creeping  barrage. 

(hi.)  Standing  barrage. 

(iv.)  Back  area  barrage. 

2.  The  ''  harassing  fire  of  machine  guns  forms  an 
integral  part  of  the  preliminary  bombardment,  and  the  object 
of  the  fire  is  to : — 

(i.)  Lower  efficiency  of  enemy  working  parties 

(ii.)  Increase  difficulty  of  transport  of  munitions 
and  supplies. 

(hi.)  Cause  deterioration  of  enemy  morale. 

This  object  can  be  obtained  by  engaging  the  following 
targets : — 

(a)  Targets  previously  engaged  by  the  artillery 
— more  especially  wire-entanglements  and  defences 
that  have  been  damaged. 

(&)  Communication  trenches  which  can  be  taken 
in  enfilade. 

(c)  Eoutes,  tracks  taken  by  ration  parties  ^and 
reliefs,  dumps,  tramways,  etc. 

(d)  Certain  field  battery  positions  which  may 
have  been  erected  within  range  of  machine  gun  fire. 

By  close  co-operation  between  machine  guns  and  other 
arms  it  is  possible  to  drive  the  traffic  from  overland  routes 
into  the  trenches,  thereby  causing: — 

(а)  Congestion  and  delay. 

(б)  Casualties  from  the  artillery  fire  on  the 
communication  trenches  from  their  enfilade  guns. 

During  the  period  more  closely  approaching  zero  day 
when  the  enemy  defences  have  been  knocked  about  and  the 
morale  of  the  garrison  has  been  shaken,  the  plan  of  concen¬ 
trating  the  guns  of  one  battery  on  to  carefully  chosen  centres 
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of  activity,  and  opening  rapid  fire  for  a  short  period  is 
effective.  This  type  of  fire  is  known  as  area  shooting.”  This 
treatment  should  be  applied  to  different  points  at  irregular 
intervals. 

3.  The  objects  of  barrage  fire  on  zero  day  are  to  :  — 

(a)  Prevent  the  enemy  manning  his  parapets  and 
installing  his  machine  guns. 

{h)  Interfere  with  the  effective  use  of  machine 
^  guns  in  rear. 

(c)  Prevent  supplies  of  food  and  ammunition 
being  brought  up. 

{d)  Prevent  reinforcement  of  the  garrison. 

{e)  Destroy  morale. 

(/)  Place  a  protective  barrage  at  every  definite 
stage  of  an  advance. 

(^)  Save  our  own  troops  at  all  times  from 
casualties  by  keeping  down  the  fire  of  the  enemy 
infantry,  machine  guns,  etc. 

By  these  means  Infantry  Battalions  are  enabled  to  :  — 

(а)  Advance  and  seize  objectives  previously 
allotted. 

(б)  Organize  for  defence  ground  won  during  the 
delicate  period  when  troops  are  suffering  from  nervous 
and  physical  strain,  the  loss  of  leaders  and  men,  and 
the  unfamiliarity  of  their  surroundings. 

These  objects  are  obtained  by  creeping,  standing  and  back 
area  barrages  carried  out  by  the  artillery,  trench  mortars,  and 
machine  guns  in  conjunction. 

4.  In  order  to  enable  the  machine  guns  to  carry  out  the 
role  allotted  to  them  in  the  barrage  scheme,  the  machine  gun 
barrage  must  fulfil  the  following  conditions: — 

(i.)  It  must  be  equally  applicable  to  the  set 
piece  ”  where  the  time  factor  ”  is  relatively  unim¬ 
portant,  and  to  the  later  stages  of  large  operations 
involving  the  forward  movement  of  batteries  to  new 
positions  from  which  to  create  a  barrage,  in  which 
case  the  time  factor  ”  becomes  of  paramount 
importance. 

(ii.)  It  must  apply  also  to  conditions  of  semi- 
open  and  open  warfare,  becoming  relatively  more 
iinportant  as  the  troops  get  out  of  range  of  the  bulk 
of  IIkmi'  arfillery. 
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(iii.)  It  must  be  flexible,  i.e.,  it  must  be  possible 
to  create  a  zone  of  intense  machine  gun  fire  on  any 
area  with  accuracy  and  rapidity. 

(iv.)  It  must  be  capable  of  being  taught  and 
carried  out  as  a  drill. 

These  conditions  can  only  be  obtained  by  simplicity  of: — 

(a)  Organization. 

(b)  Laying. 

(c)  Fire  Control. 

(d)  Drill. 

5.  ORGANIZATION  OF  GUNS  FOR  BARRAGE  FIRE. 

(a)  Guns  for  barrage  fire  are  organized  into  groups  and 
batteries.  The  group  normally  consists  of  between  16  and  24 
guns.  If  the  group  is  considerably  larger,  it  will  be  necessary 
to  divide  it  into  sub-groups,  each  under  a  sub-group 
commander.  The  group  is  commanded  by  the  Group 
Commander,  who  is  a  Company  Commander,  but  may  be  the 
D.M.G.O. 

His  normal  position  is  at  the  Brigade  Headquarters  in 
whose  area  he  is  operating.  He  is  assisted  by  an  officer. 
Normally  each  Brigade  has  one  group  of  barrage  guns. 

The  group  is  divided  into  batteries  or  fire  units  of  4,  6 
or  8  guns.  The  normal  size  of  a  battery  is  8  guns.  Each 
battery  is  commanded  by  an  officer  who  is  known  as  the 
Battery  Commander.  He  is  assisted  by  one  officer  per  four 
guns  and  one  N.C.O.  to  every  two  guns — who  is  not  below 
the  rank  of  corporal.  Each  gun  is  commanded  by  a  N.C.O. 
or  senior  private — who  is  not  the  No.  1  of  the  gun  and  is 
known  as  the  Gun  Commander. 

Batteries  are  lettered  from  the  right  A,  B,  C,  etc.,  through¬ 
out  the  Corps  front;  in  the  case  of  a  forward  move  these 
become  A2,  B2,  C2,  etc.,  for  the  first  move;  A3,  B3,  C3,  etc., 
for  the  second  move,  and  so  on. 

{h)  The  duties  of  the  Group  Commander  are: — 

(i.)  To  carry  out  the  orders  of  the  D.M.G.O. 

(ii.)  Organize  his  group  into  batteries. 

(iii.)  To  make  all  preliminary  preparations,  which 
include  estimates  of  S.A.A.,  oil,  water,  etc. 

(iv.)  To  make  preparation  for  the  formation  of 
dumps  and  communications. 
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(v.)  Issue  operation  orders  which  deal  with  the 
location  and  tasks  of  each  battery.  The  task'ds  in  the 
^  form  of  a  table  showing  the  times,  targets,  rates  of 
fire  for  each  lift,  and  any  moves.  These  orders  must 
bo  issued  in  ample  time  for  the  Battery  Commander 
to  make  his  calculations  and  send  these  to  the  Group 
Commander  to  check. 

(vi.)  To  provide  himself  with  a  fighting  map  show¬ 
ing  zero  lines  and  tasks  of  each  battery  (Appendix 
VII.,  No.  1). 

(c)  The  duties  of  the  Battery  Commander  are: — 

(i-)  To  lay  out  the  zero  lines  of  his  battery  in 
the  position  ordered  by  the  Group  Commander. 

(ii.)  To  carry  out  orders  of  the  Group  Com¬ 
mander  detailed  above  in  (hi.),  (iv.),  and  (v.). 

(Specimen  of  Battery  Charts,  Appendix  VI.) 

(iii.)  To  issue  a  gun  chart  to  each  Gun  Commander. 
(Appendix  VI.,  No.  3.) 

(iv.)  To  provide  himself  with  a  fighting  map  show¬ 
ing  zero  lines  and  tasks  of  his  battery.  (Appendix 
VII.,  No.  2.) 

(v.)  To  see  that  every  Commander  in  his 
battery,  including  himself,  is  provided  with  an  under¬ 
study. 

(vi.)  To  supervise  the  fire  of  his  battery. 

(d)  The  duties  of  the  Gun  Commander  are 

(i.)  To  control  the  fire  of  his  gun  as  ordered  on  his 
gun  chart. 

(ii.)  To  control  the  fire  as  taught  in  Barrage 
Drill. 

(iii.)  To  see  the  correct  elevation  and  direction  is 
^placed  and  maintained  on  his  gun 

(iv.)  To  watch  for  signals  from  the  officer 
controlling  the  fire. 

(v.)  In  the  event  of  a  barrage  not  on  the  chart 
being  ordered,  to  see  that  the  correct  fire  order  is 
passed  down,  and  that  his  gun  is  correctly  laid  before 
repeating  ''  No.  —  gun,  ready  to  fire.'' 

These  duties  can  only  be  performed  in  toto  when  the 
tactical  situation  permits.  It  will  often  be  impossible  to 
prepare  elaborate  fighting  maps  and  charts. 
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6.  LAYING  AND  FIKE  CONTROL. 

Although  machine  gun  barrage  fire  can  be  carried  out  by 
controlling  the  fire  of  each  gun  singly,  experience  has  shown 
that  the  barrage  so  produced  is  not  flexible,  that  calculations 
are  laborious,  and  control  difficult. 

The  introduction  of  the  Battery  System  (see  Section  10) 
has  rendered  it  possible  to  produce  a  flexible  barrage,  easily 
controlled  and  obtained  by  the  aid  of  extremely  simple 
calculations.  This  is  the  normal  method  of  producing 
machine  gun  barrage  fire. 


7.  BARRAGE  DRILL. 

In  order  that  a  battery  may  work  in  the  field  with 
efficiency,  the  methods  of  battery  fire  must  be  learnt  as  a  drill. 
This  will  enable  the  personnel  in  action  to  reproduce  auto¬ 
matically  the  movements  learned  in  practice,  with  such 


modifications  as  the  conditions 

Equipment  Bequired. 

Guns  and  tripods. 

Spare  parts. 

Ammunition  boxes  (4  per 
gun). 

Condenser  tubes  and  bags 
(or  petrol  tins). 

“  T  ”  shaped  bases. 


of  battle  may  impose. 


Zero  aiming  posts  and  ‘‘  T 
aiming  marks. 

Sandbags  and  shovels. 
Shutter  for  controlling  fire. 
Clinometers  or  spirit  levels. 
Megaphone. 


First  Stage. 

Guns  and  equipment  will  be  laid  out  as  in  elementary 
drill.  A  Gun  Commander  will  be  appointed  for  each  gun.  ‘ 

(i.)  “  FALL  IN.^^ — Teams  fall  in  as  in  elementary  drill, 
Gun  Commanders  on  the  right  of  No.  1.  Teams  in  line, 
dressed  by  the  right. 

(ii.)  Battery  Commander  indicates  the  reference  object  (if 
one  is  being  employed). 

(iii.)  “  NUMBER.’’ — ^As  in  elementary  drill. 

(iv.)  “  TAKE  POST.” — As  in  elementary  drill,  all 
numbers  standing  to  attention. 
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No.  3  has  with  him  condenser  bag  (or  petrol  tin),  four 
b()X('H  of  ammunition  and  aiming  post. 

No.  4  has  T  ”  shaped  base  and  shovel.  Gun  Commander 
ln,k(‘H  up  position  on  left  of  No.  1,  with  cleaning  rod  and 
<4  i  nometer. 

(v.)  “  TELL  OFF  BY  GUNS.” — Gun  Commanders 
number  off  from  the  right: — No.  1  gun,  etc. 

(vi.)  PREPARE  FOR  BARRAGE.”— No.  1  examines 
the  tripod  and  No.  2  prepares  the  gun  (condenser  tube  fixed) 
for  action. 

No.  3  inspects  the  ammunition. 

No.  4  doubles  forw^ard  with  “  T  ”  shaped  base  and  shovel. 

Battery  Commander  aligns  ''  T  ”  shaped  bases,  and  on 
the  Battery  Commander’s  signal  Nos.  4  fix  the  bases  firmly  in 
the  ground,  and  double  to  the  rear. 

Nos.  5  and  6  fill  sandbags  and  prepare  for  belt  filling, 
under  cover. 

Second  Stage. 

To  obtain  parallel  zero  lines  in  the  required  direction,  the 
following  is  only  one  of  several  methods  taught.  All  methods 
should  be  practised. 

(vii.)  “FLANK  GUNS— MOUNT  GUN.”— The  flank 
guns  mount  on  the  “  T  ”  shaped  bases.  Nos.  4,  5  and  6  bringing 
up  sandbags,  guns  lay  on  each  other.  No.  2  of  each  gun  notes 
reading  on  direction  dial  and  signals  with  his  hand  to  the 
other  No.  *2,  when  this  is  complete.  Both  guns  now  lay  on 
R.O.  and  note  the  angle  swung  through.  These  angles  are 
passed  along  to  the  Battery  Commander,  who  then  calculates 
the  distribution  angle  to  obtain  parallel  lines. 

(viii.)  “  REMAINDER  —  MOUNT  GUN.”— Remaining 
guns  mount  guns  on  “  T  ’’-shaped  bases  and  lay  on  R.O. 

No.  3  of  each  gun  brings  up  four  boxes  of  ammunition  and 
condenser  bag  (or  petrol  tin). 

Nos.  4,  5  and  6  bring  up  sandbags. 

Nos.  2  and  3  sandbag  the  tripod. 

No.  2  fixes  condenser  bag  (or  petrol  tin). 

(bin  Commander  takes  up  clinometer  and  cleaning  rod. 
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(ix.)  ^^ALL  GUNS— DEGREES  RIGHT  OR  LEFT/^— 
(This  angle  will  be  such  that  it  brings  the  zero  lines  of  the 
directing  gun  in  the  required  direction.) 

This  order  is  repeated  by  Nos.  1  in  succession  from  the 
left,  who  immediately  lay  off  the  angle  ordered. 

Nos.  3  double  forward  to  the  gun,  and  pace  out  9|  yards 
carrying  zero  posts  and  '' T shaped  aiming  marks.  The 
T  ’’  aiming  mark  is  placed  as  ordered  by  No.  1,  and  is  held 
in  position  by  No.  3,  pending  the  order  of  distribution  to 
obtain  parallel  lines. 

(x.)  ''  No. - GUN  DIRECTS. — (Normally  this  will  be 

left  gun.)  This  order  is  repeated  by  each  No.  1. 

(xi.)  DISTRIBUTE  20  min.'^ — This  is  the  angle 
obtained  by  the  battery  commander  in  para.  7. 

The  angle  20  min.  has  been  used  simply  for  the  purpose  of 
illustration.  The  same  applies  to  all  subsequent  angles. 

Then  for  a  battery  of  eight  guns  this  order  would  be 
passed  along  as  follows :  — 

No.  1  of  No.  8  gun  repeats  Distribute  20  min.’’ 
No.  3  fixes  zero  post  and  ''  T  ”  aiming  mark  as 
ordered  by  No.  1. 

No.  1  of  No.  7  gun  repeats  20  min.  right— 
Distribute  20  min.,”  and  lays  off  20  min.  right  oh 
T  ’’  aiming  mark.  No.  3  then  fixes  zero  post  and 
T  ”  aiming  mark  as  ordered  by  No.  1. 

No.  1  of  No.  6  gun  repeats  'MO  min.  right— 
Distribute  20  min.,”  and  lays  off  40  min,,  right  on 
T  ”  aiming  mark.  No.  3  then  fixes  zero  post  and 
T  ”  aiming  mark  as  ordered  by  No.  1 — and  so  on  for 
the  remaining  guns. 

The  guns  are  nov/  laid  on  their  parallel  zero  lines. 

Before  proceeding  with  the  drill  the  Battery  Commander 
will  order  Check  zero  lines,”  when  the  orders  given  in 
9,  10  and  11  will  be  repeated,  with  the  exception  that  the  zero 
posts  will  be  left  in  the  ground. 

These  zero  posts  will  not  he  moved  once  parallel  lines 
have  been  obtained. 

(xii.)  STAND  CLEAR.”— Teams  fall  in  five  yards  in 
rear  of  gun  and  stand  at  ease. 
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'Third,  Stage. — Distribution  and  Concentration. 

(xiii.)  “  STAND  TO.” — Nos.  1  and  2  take  up  their 
posi Lions  at  the  gun.  The  Gun  Commander  kneels  down  with 
lli(5  clinometer  on  the  left  of  No.  1. 

(xiv.)  EXAMPLES  OF  DISTRIBUTION.—^^  All  guns 
C)  deg.  right.”  Each  No.  1  repeats  and  lays  off  6  deg.  right 
from  zero,  using  direction  dial. 

No.  8  Gun  Directs.”  Each  No.  1  repeats. 

Distribute  1  deg.  10  min.”  This  order  is  carried  out  as 
explained  in  11. 

(XV.)  EXAMPLE  OF  CONCENTRATION.— All  guns 
5  deg.  left.”  Each  No.  1  repeats  and  lays  off  5  deg.  left  from 
zero,  using  direction  dial. 

No.  8  gun  directs.”  Each  No.  1  repeats. 

''  Concentrate  20  min.”  No.  1  of  No.  8  gun  repeats 
Concentrate  20  min.” 

No.  3  fixes  his  T  ”  aiming  mark. 

No.  1  of  No.  7  gun  repeats  ''  20  min.  left— Concentrate 
20  min.,''  and  lays  off  20  min.  left  on  the  “  T  ”  aiming  mark. 
No.  3  then  fixes  the  ''  T  ”  aiming  mark  as  ordered  by  No.  1. 

No.  1  of  No.  6  gun  repeats  40  min.  left — Concentrate 
20  min.,”  and  lays  off  40  min.  left  on  “  T  ’'  aiming  mark. 
No.  3  then  fixes  the  T  ”  aiming  mark  as  ordered  by  No.  1— 
and  so  on. 

(xvi.)  LOAD.” — As  in  elementary  drill. 

(xvii.)  ELEVATION  3  deg.” — Each  No.  1  repeats  and 
Gun  Commander  lays  the  gun  for  elevation. 

No.  1  adjusts  the  tangent  sight  on  the  T  ”  shaped  aiming 
mark,  and  notes  the  reading. 

(xviii.)  EXAMPLE  OF  COMBINED  SIGHTS.—'^  Eleva¬ 
tion  4  deg.  20  min. — 20  min.  differences.”  No.  1  of  No.  8  gun 
repeats  Elevation  4  deg.  20  min. — 20  min.  differences.” 

Gun  Commander  sets  clinometer  at  4  deg.  20  min. 

No.  1  of  No.  7  gun  repeats  Elevation  4  deg.  40  min. — 
20  min.  differences.’' 

Gun  Commander  sets  clinometer  at  4  deg.  40  min. 

(xix.)  TRAVERSE  will  be  1  deg.  right,  1  deg.  left,  unless 
ol.liorwiH(^  ordered.  No  traverse  for  concentration. 
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('XX. )  EATE  OF  FIRE — Slow,  medium,  or  rapid. 

(xxi.)  FIRE.^^ — Shutter  lowered. 

Bursts  of  fire  should  not  be  less  than  15-20  rounds. 

No.  1  relays  between  bursts. 

Unless  concentrating  tap  between  bursts. 

Accuracy  in  relaying  must  always  he  insisted  on. 

(xxii.)  CEASE  FIEE.^^ — Shutter  released. 

Procedure  after  first  lift  or  first  belt.  (Whichever  is 
shorter.) 

No.  1  unloads  and  clears  gun. 

No.  2  removes  outer  casing,  tests  muzzle  cup  and  cleans 
the  barrel,  replaces  outer  casing. 

No.  1  oils  up,  reloads  and  lays  for  direction. 

Gun  Commander  puts  on  elevation. 

No.  2  signals  ready  to  fire. 

Procedure  after  every  1,000  rounds:  — 

No.  1  unloads  and  clears  gun. 

No.  2  cleans  barrel  and  replenishes  water  in  barrel 
casing.  (If  necessary.) 

No.  1  oils  up,  reloads  and  lays  for  direction. 

Gun  Commander  puts  on  elevation. 

No.  2  signals  Ready  to  Fire.’^ 

(xxiii.)  “  UNLOAD. As  in  elementary  drill.  Gun 
Commander  reports  ''  No.  1  gun  clear,'’  ''  No.  2  gun  clear,” 
and  so  on. 

(xxiv.)  OUT  OF  ACTION.” — Guns  dismounted  at  firing 
point. 

Nos.  3,  4,  5  and  6  double  forward  and  retire  with  aiming 
posts,  belt  boxes,  T  ”  shaped  bases,  etc. 

Note. — Interchange  gun  numbers  as  frequently  as  possible. 
Fourth  Stage. 

(xxv.)  Batteries  should  be  practised  in  coming  into  action 
in  different  positions,  obtaining  parallel  lines  by  different 
methods,  and  firing  by  barrage  charts  In  the  latter  case 
verbal  orders  should  be  dispensed  with  as  far  as  possible. 

(xxvi.)  In  the  final  stages  of  training,  batteries  should  be 
practised  on  the  ground  from  the  map  of  the  district,  and 
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Group  Commanders  should  practise  the  Battery  Commai^ders 
in  applying  the  fire  of  their  batteries  to  any  target  with 
rapidity  and  accuracy. 

Note.— In  elementary  stages  it  may  be  found  better  for  the 
Gun  Commanders  to  pass  orders  rather  than  the  Nos.  1. 

8.  RATES  OF  FIRE. 

(i.)  To  prevent  waste  of  S.A.A.,  to  ensure  time  for  re¬ 
laying  and  oiling  (thereby  prolonging  the  life  of  the  gun) 
and  to  enable  estimates  of  S.A.A.  to  be  made  in  advance’ 
rates  of  fire  must  be  laid  down  for  rigid  observance  by  each 
gun. 

(ii.)  Normal  rates  of  fire  are: — 

(а)  Slow  fire. — 60 — 75  rounds  per  minute  fired 
in  bursts  of  15 — 25. 

This  is  the  rate  for  long  period  barrage  fire. 

(б)  Medium  fire. — 125 — 150  rounds  per  minute. 
This  is  the  rate  that  can  be  used  to  speed  up  slow 
fire  for  short  periods.  It  can  be  maintained  for  about 
half-an-hour,  and  should  not  be  attempted  for  a 
longer  period. 

(c)  Rapid  fire. — 250—^00  rounds  per  minute. 
This  rate  is  used  in  response  to  S.O.S.  calls,  but 
should  only  be  maintained  for  a  few  minutes,  after 
which  the  fire  should  be  reduced  to  medium  or  slow 
rate. 

{d)  Harassing  fire.—\,m^  rounds  per  hour. 
This  may  be  carried  out  at  slow,  medium,  or  rapid 
rates. 

(iii.)  Before  ordering  rates  of  fire,  the  following  factors 
must  be  considered: — 

(а)  Tactical  requirements  of  the  barrage. 

(б)  Frontage  per  gun. 

Obviously  it  will  be  necessary,  if  the  concentration 
of  guns  is  thin,  to  fire  at  a  more  rapid  rate  than  if 
the  concentration  is  thick,  in  order  to  produce  the 
same  result. 

(c)  Time  during  which  the  barrage  is  to  be  fired. 

i^d)  Number  of  filled  belts  per  gun  available. 

(e)  Rate  at  which  belts  can  be  filled. 

(/)  Wear  and  tear  of  guns. 
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Assuming  two  belt-fillers  per  gun,  and  the  rate  of  belt¬ 
filling  by  hand  to  be : — 

4  belts  per  man  the  1st  hour. 

3  ,,  ,,  ,,  ,,  2nd  hour. 

If  14  belts  per  gun  are  available,  then 

(i.)  It  will  be  possible  to  fire  22  belts  in  one  hour 
— i.e.,  5,500  rounds,  but  this  will  leave  all  the  belts 
empty. 

(ii.)  It  will  be  possible  to  fire  28  belts  in  two 
hours,  i.e.,  3,500  rounds  per  hour. 

It  is  the  belt  problem  which  imposes  the  Slow  Hate  of 
hire  for  all  long  period  barrages,  and  it  is  advisable  to 
increase  the  number  of  belts  per  gun  for  large  operations. 

9.  LIFE  OF  BARRELS. 

The  most  important  factors  which  affect  the  life  of  a 
barrel  are : — 

(i.)  The  temperature  of  the  water. 

(ii.)  Oiling. 

(a)  With  the  rate  of  fire  approximating  1,000  rounds  per 
hour,  fired  intermittently,  frequent  oiling  of  the  barrel,  the 
water  below  boiling  point  or  only  boiling  for  short  periods, 
the  life  of  the  barrel  is  20,000  to  25,000  rounds. 

This  corresponds  to  Harassing  Fire.’’ 

(b)  With  a  rate  of  fire  exceeding  3,500  rounds  per  hour, 
fired  continuously,  frequent  oiling  of  the  barrel,  the  water 
boiling  for  long  periods,  the  life  of  the  barrel  is  12,000  to  15,000 
rounds. 

This  corresponds  to  normal  forms  of  barrage  fire  and 
S.O.S.  calls. 

(c)  A  failure  to  oil  the  barrel  in  both  the  above  cases  at 
regular  intervals  appears  to  decrease  the  life  by  3,000  to  4,000 
rounds. 

The  loss  of  range  due  to  worn  barrels  is  not  at  present 
definitely  known,  but  experiments  have  shown  that  the  lengths 
of  the  beaten  zones  become  nearly  twice  those  given  in  the 
tables,  and  that  the  loss  apparently  does  not  exceed  6  per 
cent,  of  the  range. 
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18.— COMMUNICATIONS. 

{See  Part  /.,  Section  29.) 

1.  No  proper  fire  control  is  possible  without  a  comprehen¬ 
sive  system  of  telephonic  communications.  This  necessitates 
the  most  careful  co-ordination  of  the  machine  gun  signalling 
personnel  available. 

SYSTEM  OF  COMMUNICATIONS. 

2.  Offensive  Operations. 

(a)  Forward  Guns. — These  can  communicate  through  the 
Battalion  report  centre,  in  whose  area  they  are  operating. 
{See  Sec.*"^,  para.  12,  and  Sec.  29,  para.  2,  of  Part  I.) 

(5)  Bear  Guns. — Appendix  III.,  A,  shows  the  system 
where  one  group  of  guns  is  afiiliated  to  one  Brigade ;  when 
batteries  move  forward  they  connect  to  the  Brigade  Forward 
Station.  When  the  Brigade  Commander  moves  forward  to 
the  forward  station  the  Group  Commander  accompanies  him, 
and  so  keeps  in  touch  with  his  batteries  and  Forward 
Observation  Station. 

3.  Trench  Warfare. 

Appendix  III.,  B.,  shows  system  for  a  Division  with  two 
Brigades  in  the  line. 

Owing  to  the  necessity  for  Brigade  and  Battalion  Com¬ 
manders  to  be  able  to  communicate  quickly  with  Machine 
Gun  Company  Headquarters,  and  the  necessity  of  keeping 
messages  secret.  Fuller  phones  are  required  at  each  Machine 
Gun  Company  Headquarters.  In  cases  w^here  sniping 
batteries  are  employed,  these  must  be  connected  by  telephone 
to  a  forward  observation  station,  from  which  the  controlling 
ofiicer  sends  dowm  the  necessary  fire  orders  to  engage  any 
target  he  wishes. 

4.  Open  W arfare. 

Companies  should  maintain  their  communications  with 
Sections  by  signal  or  wire. 

Brigades  will  be  responsible  for  maintaining  communica¬ 
tions  with  Companies. 

Note. — Further  information  on  this  subject  is  given  in 
S.S.  191,  Intercommunication  in  the  Field. 
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ORDERS  FOR  GUN  POSITION  No . 

1.  Fire  is  only  to  be  opened  by  order  of  the  Gun  Commander 

unless  a  sudden  emergency  arises,  in  which  case  the  sentry 
will  use  his  own  initiative. 

2.  When  relieving  another  gun  team  or  sentry,  the  following  facts 

will  always  be  ascertained : — 

(a)  Whether  the  gun  has  been  fired  during  the  relief. 

{bj  If  fired,  what  the  target  was. 

(c)  If  fired,  the  emplacement  from  which  it  was  fired. 

{d}  Whether  any  instructions  have  been  received  as  to 
iriendly  patrols  or  wiring  parties. 

3.  The  sentry  will  always  inspect  the  gun  when  taking  over  the 

position. 

4.  The  sentry  on  duty  must  have  an  accurate  knowledge  of  the 

targets  shown  on  the  fighting  map. 

5.  In  case  of  alarm,  or  a  gas  attack,  the  sentry  will  wake  the 

gun  team. 

^  cleaned  daily,  and  the  points  before  firing  gone 

through  both  morning  and  night.  The  gun  must  be  kept  free 
11  om  dirt,  and  in  the  trenches  may  be  kept  wrapped  up  in  a 
waterproof  sheet  or  bag.  Such  a  covering  must  not  prevent 
the  gun  being  mounted  for  action  immediately. 

7.  Ammunition,  spare  parts,  and  anti-gas  apparatus  will  be 

inspected  daily. 

The  Gun  Commander  will  be  responsible  that  all  anti-gas 
apparatus  is  always  n  position  and  in  order. 

8.  The  lock  spring  will  never  be  left  compressed. 

With  the  Vickers  gun  it  is  generally  sufficient  to  half-load  and 
then  press  the  thumb-piece  when  mounting  the  gun  at  night. 
In  order  to  open  fire,  it  is  only  necessary  to  complete  the 
loading  motion  and  press  the  thumb-piece. 

9.  All  dug-outs,  emplacements  and  ammunition  recesses  belonging 

to  the  gun  position  must  be  kept  clean  and  in  good  repair. 


SPECIAL  ORDERS  FOR  THIS  GUN  POSITION. 

1.  The  S.O.S.  signal  is^ _ _ J _ 

2..  Action  on  S.O.S _ _ _ _ _ _ 

3.  Action  if  enemy  penetrates  our  front  line  _ 

4. 

5. 

6. 
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Appendix  1 —continued. 


LIST  OF  STORES  BELONGING  TO  THIS  GUN  POSITION. 


Article 

Number 

Remarks 

Fighting  Map 

Barrage  Chart 
Intelligence  Summary 
Mountings  (pivot,  box, 
wooden  base,  etc.)  ... 
Mills  Grenades 

Picks 

Shovels 

Refuse  tin 

Sundries 

Usite .  Machine  Gu?i  Ojficer. 
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APPENDIX  II 


TYPES  OP  MACHINE  GUN  EMPLACEMENTS. 


(a) 


06 


Appendix  11— continued. 


Types  of  Machine  Gun  Enaplacements— cowWnMed. 


5ar?cl  5uppopP 


Appendix  ll.~continued. 

Types  of  Machine  Gun  Emplacements.— coraWnuetj. 

(c) 

I 

6m  EAfPLACEAlE/fir  BARRAGE  h/ORK 

I  Sc^leJ 

for  fowesf-  (p.£. 


GU/1  PLATFORM 

TO 

TAKE  "T"  BASE 


PL  AH 


r  ■ 

i 

N  1  Ml 

!  1  iM 

.N  1  1  il 

1 

,M  4  1 !! 

1 

S  nr\|a  1  ij  !  1 

jtlepbantj 

1 

Isbe  1  l-ei-s! 

1 

1 

Ill  1  lii 

p'--^#'Sbel  hep  Pop  Gun  Tear??. 

I  Maf'eKial  Laboup  Required 

I 

I  6  Small  Elephanh  Sbelheps 

I  3  Bales  of  Sandbags 

j  Laboup 

I  6  Her?  will  -  I’ake.  6  houps 

w.ben  mahepial  is  available 
on  Si  Pc 


APPENDIX  III. 

A.-OFFENSIVE  OPERATIONS. 

'I'yplcal  Communications  of  Barrage  Guns  on  a  Brigade 

Front. 

(Mobile  Guns  communicate  through  the  Infantry 
Battalions  in  whose  area  they  are  operating.) 


Ema/  Obyect/i'^. 


I 

I 

t 

I 


Cr' 


^  E^b/e 


Hea</ 


2"'*  PE jse, 

Bdffer/es  conntcfrd  by 
Te/ephone,  E/sud/  t  flun/irr 
fo  Eortv.fr-d  S/d/jon 

dn&  /Aence  via  Br/padt 
Afam  /frfery  /o  M .  6. 

6 roup  Commanafar.  /fpoisibl,, 
EO.O,  sAou/t/  ba  affacbttf 
d  A’.r./f^  i/aPsoft  C/APctr 
•r  ro  o.  *  commufji'ca/e 
y/  'a  /‘Aa  /a//ers  c/z-cuPf  ,r/fA 
fAt  £r/pat/a  Station 


Eron/  Line. 


/*tP/tb5g 

M.6.  Group  Commane/ar 
dt  Ei/uariteat  Br/paa'a 
m  fa/epAone  communication 
nu/A  eacA  Ba/tery.  AAe 
EO.O.  4  AAe  a.  Af.  6. 0. 
•'f/troc/pA  /Aa  6ur/aet 
c»A/a  system .  Ta/epAona 
co/nmumcat/o/TS  c/uplicate</ 
Ed/-  as  poss/A/e  Ay 
y/suat. 
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Appendix  III. — continued. 

B.— TRENCH  WARFARE. 

Typical  Communications  ol  Machine  Guns  on  a 
Division  Front, 

(Forward  sections  communicate  through  the  Infantry 
Battalions  in  whose  area  they  are  operating.) 


Section  H.Q  Section  fiQ.  Sect/on  HQ.  Sect/on  HQ- 


M  G  Lines  ■ 

/nfon/ry  Lines _ 

y/scia/^/fposs/d/eJ^ . ^ 


no 


APPENDIX  IV. 


Table  1. — Tangent  Elevation,  Angles  op  Descent,  Dimensions 
OE  Cones  and  Zones,  &c.  -303  Vickees  Guif,  Mark  VII  Ammunition. 


l 

2 

“ 

4 

5 

6 

lintiKo. 

Angle  of 
Tangent 
,  Eleva¬ 

ISlope  of  Descent. 

Height  in 
yards  of 
lowe,st  shot 
below  cr. 

Dimensions  in  yards  of 
horizontal  beaten  zones. 

Dimensions  of 
pones  in  yards. 

tion. 

In 

As  a 

Width. 

Length. 

Width. 

Height, 

Minutes. 

Minutes. 

Gradient. 

of  cone. 

75  p.c. 

jOO  px. 
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7 

— 
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11 
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16 

15 

Onein  230 

1.3 

.7 

_ _ 

_ 

_ 

.7 

(>00 

22 

23 

,,  149 

1.7 

.8 

2.3 

220 
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.8 
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000 

28 

32 
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Appendix  VJ —continued. 
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Appendix  IV.— con^inwed. 


■The  Quadrant  Angle  in  Minutes,  knowing  Range  and  V.I. 

*303  Vickers  Gun,  Mark  VII.  Ammunition. 
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Appendix  IV. — continued. 


Table  5.— Lateral  Wind  Allowances. 


Range 

Yards 

Mild 

lOM.P.H. 

Fresh 

20  M.P.H. 

Strong 

30  M.P.H. 

Yards 

Minutes 

Yards 

Minutes 

Yards 

Alinutes 

500 

1 

5 

n 

10 

2 

15 

1000 

3 

10 

6 

20 

9 

30 

1500 

6 

15 

12 

30 

18 

45 

2000 

12 

20 

24 

40. 

36 

60  ' 

2500 

24 

30 

48 

60 

72 

90 

Oblique  Wind  Allowances. 


Angle  of  Wind  with 
Line  of  Fire 

Ratio  of  Wind 
affecting  Elevation 

Ratio  of  Wind 
affecting  Direction 

oooooooo 

oooooooo 
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Table  6.— Time  of  Flic 

HT. 

Time  of  Flight  in  Seconds. 

Distance  Traversed  in  Yards. 

1 

600 

2 

1000 

3 

1300 

4 

1550 

5 

1775 

6 

1950 

7 

2100 

8 

2225 

9 

2350 

10 

2450 

11 

2550 

12 

2625 

13 

2700 

14 

2775 

15 

2840 
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Appendix  IV. — continued. 


m 

c6 

|X 


+3 

Pi 

Q 

in 

<D 

P< 

<D 


ifl 

<D 

■00 


fa 

r— i 
<1 


W 

cn 

fa 

fa 

> 

fa 

fa 


o 


X 


U  BS 
fa  W 


< 


^  O  o  c3 

HrO  ^  ^ 


‘H  M  CD  <D  03  flrci'^ 

og;3^ceofl53 


5 

tu  (D  ^  r^  03  - 

>,!Cr;443WcQCQ 

9  c:i>'«  2  o'S  >>v. 


^53 

05  9'9eh  g  2 

03  “  d  53 

^oScD'r^OJOr^® 

03  03  ij  05  (H  ^ 

'•  q  05  2  ^  o  “-Sr^ 

t— 1  43  q 


(-4  C3  43  cS 

®.2  Id  05^^ 

.2  ®  ^  S  ac'o^ 

§4= gS® 
«l£®-s§2 
•S  ^  rl5  g 


^ 

rO'*-' 

ce  >> 

.-S  =3 

2  ^ 


d  .2 

H  O  CQ 


=*  -^=  JS 


3  Od  03  43  ?  c3 


43  03  o  O-' 

H  £c2  2^1^ 

I  c3o^OMp<03p>j 

,.  ^  in'? 

_'■  A^  /1^  Lj 


Jh4-i  £3  H 

•9  “  a*!  2  ^ 

§-|.§5l"’ 

’5J3  rH  03  ;: 

5°.B'9Sa| 
a  >  S.g 

ll§'S|8S 

s.pj-4  g 

d  BrtI 

0343  p  .  , 


a  ^':3  03  ^ 

a®^3“ 

®£»ag 

S  a-^'S"  . 

d  '§  fl-x  2  ^ 

d  g  03^-03 
S^rQ 


ce  ^^43  43*^  d  ; 

^  d  d  O  oc  2 

^  d  "7" 


43  .. 

2'® 

*=^,d 


a1^a“^«| 

cS'^Mid^'S^d 

03'3d;gg_.9 

§)2^^  god 

ce  drQ  (13  Ond^  o 
n  ® 


9^3  03  0'd43  o 

is  3- 03 11^ 

rri  -d  =M  O  ^ 


=-».a  ^  §  s 

-^  !=*  03=2  d 

coqs  03^  ®  ” 
« d43  f4  g 
tiCjs  d  03"'^ 

‘!°5| 


'd 

w5  03  .d  2  1~^  03 

-Orp  2  tJ3>--ei' 


«  d  ■ 

3-^0, 

^  2'^"S)'B.5 

03  rd  03  d  CO^ 
CC-^  cS  03  ce^ 

d-9 

^4^43.r^  M 


TO  3 

!i| 


r^.dcM  O  O*-;:^  ^ 

O  d  03 

2  05  ^  03^  d  03 
d  f4  d  f4  43  ®  n 

-^S'SgSf  . 


§5  1 

03 'd  5_. 


=  Sa'dis  a« 

d:S2fe95'5'^S 


-  '.  W7; 

5  ''£i 


^  o 

4-1  d  ce 

T^§ 

■og^ 

tic  d 


03=^5^’?  I 
30  .2  ’fe  ^  o  0-2-9 

5  ^,d;'^50  43  o-c 
43  77  ^!tj  03  75  ►,  >4  <-1 
.■d  ^43*''^  d  h®-2 

tH-ggsali"! 


I  §' 

joO03®  43  43iy  ^• 

did  d  03  03  03  o  ® 
tuo!j3  end'd  d43  ^ 


- 

1200 

1350 

iliso 

1  i 

1  t  f 

1 

1 

1 

(M 

1300 

jl400 

1300 

1 

1100 

1 

^1 

1 

1 

C-3 

1300 

1500 

1450 

1350 

1250 

1150 

1 

I 

1 

1 

1300 

1600 

1550 

1450 

1400 

1300 

1200 

1 

1 

1 

«o 

1350 

1650 

1 

1550 

1500 

1450 

1350 

1300 

4700 

1 

1 

1 

VO 

1400 

1700 

11650 

1600 

1550 

1450 

1 

1350 

1300 

jl250 

1 

1 

1400 

1803 

1750 

11650 

1 

1500 

1450 

1400 

8 

CO 

1250| 

1150 

1100' 

■  i 

00 

jl500 

1850 

1800 

1700 

1650 

1600 

|1550 

1450 

1 

1350 

4250 

1200 

1150 

4100 

■| 

1 

1 

1 

o 

1600 

1900 

|l850 

i 

1750 

1700 

1650] 

4600 

1. 

4550 

4500 

4450 

1 

1350 

1300 

1250 

1200 

4150 

1 

o 

1700 

1950 

1900] 

[1850 

1850 

1 

8 

t-- 

1700 

1650 

1650 

i 

1550 

4500 

8 

'le- 

1450 

1400 

1350 

1300 

1250 

1 

:: 

1800 

2000 

1 

o 

to 

o 

1900 

1850 

to 

to 

00 

i  i 

1750 

1750 

1 

1650 

1600 

o 

lO 

8  1 

1500 

|1450 

II 

1350 

1350 

li 

CM 

1^ 

2050 

1 

2000 

i, 

1950 

I 

1900 

8  1 

00  j 

% 

1750 

17501 

1700j 

8 

)0 

1600 

i 

1550 

li 

1450 

1 

1400 

8 

CO 

li 

Gun 

Above 

or 

Below 

0 

o 

8 

o 

CO 

o 

'^r 

|8 

8 

o 

o 

00 

8  I 

100 

o 

S 

130 

140 

150 

160 

170 

8 

g 

8 

s: 

2100 

2050 

2050 

2100 

1  ^ 

8  1 
OJ 

8 

eg 

8  1 

o 

?3 

2150 

2200 

2200 

1  M 

2250 

2250 

[2250 

2250 

2300 

2300 

8 

18 

r  . 

fR 

1  1 

2000 

2050 

2050 

2050 

2100 

2100 

2150 

2150 

12150 

2200 

2200 

2200 

8 

2250 

2250 

2300 

2300 

8 

eg 

o 

:2000 

O  1 
If3 

1950 

2000 

2000 

1 

2050 

2050 

[2100 

2100 

2100 

2150 

,2150 

|g 

[2200 

2200 

2200 

8 

2250 

2250; 

2300, 

il 

O' 

2000 

I  ^ 

1900 

1950 

1950 

1950 

2000 

2000 

II 

8 

8 

2050! 

2100 

2100 

2100 

12150 

2150 

2150 

2200 

22(X) 

2250 

2250 

00 

1950 

o 

lO 

00 

1850 

1900| 

1900 

1950 

il950 

;2000 

1  ® 
l§ 

2000 

2050 

o 

in 

2100 

2100 

2100 

2150 

2150 

220d 

1 

220q 

2250 

I225Q 

r- 

i 

1800 

1800 

8 

00 

00 

[1900 

1900 

8 

CJ> 

!i950 

1950 

!2000 

§ 

CM 

18 

1?, 

11 

1. 

2100 

1§ 

2150 

8 

1 

2200 

vO 

1 

8 

|i? 

i 

li 

1800 

1850 

8 

OO 

4900 

8 

8 

Ov 

r8 

cn 

11 

!¥ 

1 

2050 

8 

1  eg 

210q 

2150 

1- 

2200 

lO 

1850 

8 

VO 

[§■' 

r>- 

:t' 

!>. 

ji 

r- 

1? 

K 

i 

4850 

1 

1900 

1950 

1950j 

2000 

2000 

2050 

2050 

2100 

eg 

18 

1  eg 

1^ 

16001 

|i 

i 

VO 

1  ^ 

1 

1700! 

8 

g 

I 

1800 

1850 

1900 

1950 

1950 

2000 

2050 

8 

8 

2100 

8 

1  eg 

ro 

5^ 

o 

1 

1- 

1550 

1600 

!165o! 

1700 

1 

1750 

1800 

isiq 

1850 

1900 

1900| 

1950 

I 

2000 

2050 

2050 

1 

1 

CM 

1600 

1400 

o 

to 

■cr 

15od 

T 

1550 

16od 

1650 

1650 

1700 

1750 

1800 

1850 

1850 

1900 

1 

2000 

2000 

1 

1 

1 

- 

jll^ 

1 1350 

ii 

o 

to 

|l500 

1 1500 

|l550 

0091 1 

11 

16501 

g 

11750 

li 

II 

jl850 

jl900 

0061 

1 

118 


Gun  below  Crest.  Gun  above  Crest. 


IN  VAKDS 

IN  METI 


55  63  73  CLEARANCE  IN  METRES 

,,  ,5  n  20  23  27  3.  35  «  46  «  eo  69  *  CLEARANCE  IN  VARDS . 

MINIMUM  CLEARANCES  REQUIRED  AT  VARIOUS  DISTANCES  FROM  GUN. 

F,vn  O  E  •  Take  ranRe  and  run  up  dn  vertical  scale  to  height  of  target  above  or  below 

^T^e  c^^:"cuuing  this  pcinl  gi^s  TlSttht  it  passes  vertically  above  a  point  plotted 

To  Find  Cle-SRANCE. -Follow  this  - - .rooBS  (of  obstruction).  This  gives  clearance  in  yards 


No.  1. 


r.PAPH  FOR  rA.rni.ATlMG  QUADRANT  ELEVATION  AND  CLEARANCES. 

'  (CURVES  REP-RESENT  CENTRE  SHOTS.) 

depth  of  lowest  shot  below  centee  op  cone  at  various  distances  from  oun. 


w  YARDS 

IN  METRES 
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Appendix  ''J .—continued. 
No.  2. 


GRAPH  of  TRAVERJEX  etc. 

(in  yards  or  metres  and  decrees  ) 

Thi€  An^fe  is  sheujn.  by  The  line 

nedkresf'  to  the  l:foint  of  intersection  of  the 
required  TtSrcfeh  FTonit<i>,^e  line  (yerhcol)  ind 
Fhe  (hon'jontAl )  R<sti^e  line. 

Note:-  Both  T^rqet  Fronfiige  Rii^nge  mujt  be 
token  in.  the  some  un/t  of  measure:  e.g;  both  //2  y<^AVJ' 
or  hot h  in.  metres.  ^ 
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Grid  bearing 


Appendix  —continued.  No.  2. 

Ref. :  1/1000.  BATTERY  CHART.  D.  Battery.  Place : 
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APPENDIX  VIII. 

COMPASS  TOWER. 

Description. 

The  Compass  Tower,”  shown  in  the  accompanying  photo¬ 
graph  has  been  designed  for  the  purpose  of  laying  the  gun  quickly 
and  accurately  on  any  given  bearing  by  direct  use  of  the  Compass. 

Experiments  showed  that  the  iron  of  the  tripod  did  not  aifect 
the  readings  of  a  compass  placed  directly  above  the  socket  at  a 
lieight  of  not  less  than  14  inches  (the  gun  having  been  removed). 

TliG  pattern  of  tower  illustrated  is  constructed  of  wood 
(mahogany).  It  is  held  upright  by  the  crosshead  Joint  pin  to  which 
It  can  be  clamped  by  means  of  a  wing  nut.  On  the  table  forming 
tlie  top  of  the  instrument,  a  compass  can  be  placed  and  held  from 
moving  by  a  leaf  spring  ;  the  latter  projects  up  through  a  bole  in 
the  table  and  presses  the  compass  case  against  two  round-headed 
screws. 

The  crosshead  joint  pin  makes  an  angle  of  90“  with  the  axis  of 
I, he  bore,  and  the  compass  can  be  adjusted  rapidly  by  means  of  an 
adjustable  sight  vane  on  the  table,  so  that  the  line  of  sight  through 
Ui(^  compass  is  at  right  angles  to  the  crosshead  joint  pin,  and  there¬ 
fore  parallel  to  the  axis  of  the  bore. 

I  he  overall  length  of  this  model  is  16  inches  ;  width  24  inches ' 
weight  12  ounces.  ’ 

Method  of  use. 

/o  adjust :  Lay  the  gun  on  some  distant  object,  and  tighten  the 
tniycu’Hing  clamp  securely.  Remove  the  gun  from  the  crosshead  to 
n  dlHtaiico  of  at  least  three  yards. 

I’lac.e  the  compass  tower  in  position  on  the  crosshead,  replace 
I  in  e.roHHluiad  joint  pin,  and  clamp  the  tower  in  position  by  means 
"I  I  hn  (damjiiiig  nut. 

I•la(;n  1\h)  compass  on  the  table,  and  align  it  on  the  object  by 
|o  Ml.hig  I, ho  compass.  Bring  the  sight  vane  of  the  compass  tower 
ltd..  Mihiiimnnt  with  the  hair  line  of  the  compass,  and  then  clamp 
"|i  I  hn  nlghl;  viuio.  ^ 

I  hn  cniiipjiHH  towor  will  uow  be  in  adjustment. 

I  n  la  1/  the  (jun  (m  any  magnetic  hearing :  Remove  the  gun  from 
in  v'h'liiKy  of  the  tripod,  and  loosen  the  traversing  clamp;  place 
<  •>«'  onmpaMH  l.owor  on  the  crosshead,  and  align  the  hair  line  of  the 
oniiipaMM  on  Mio  slit  of  the  compass  tower  sight  vane. 

liol.atn  the  crosshead  until  the  required  reading  is  seen  on 
i”"l‘liif:  Mirougli  Mie  compass  prism  (or  its  equivalent). 

<’huii|Mi|i  Mio  fraversing  clamp;  loosen  slightly  the  clamping 
‘"d  -I  M-n  nn,„,,„.HH  fovvor,  aiid  witlidraw  the  crosshead  joint  pin 
dniiioyn  iii<.  noiii|i;iMu  l.ovvoi’  from  the  crosshead,  and  replace  the 
MHII  Uhlnh  will  ,,,,w  1)0  poliiMtig  in  the  required  direction. 
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Appendix  '7111.— continued. 


Fig.  1.— Plan  of  table  of  Compass  Tower  viewed  from  above. 


•  Fig.  2. — Perspective  view  of  Compass  Tower  in  position  on  the  crosshead, 

compass  in  position. 


Fig.  3.  Perspective  view  of  Compass  Tower  showing  table,  sight  vane, 
and  securing  clip. 
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TniCHNLiS  OrAuuTiuRttt^l 

t*/£/GHr  Abou^t  &LEs 


BASES.— No. 


Appendix  IX. — continued. 
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Appendix  X. — continued. 


AIMING  MARKS.— No.  la. 
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Appendix  X. — continued. 
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Appendix  X. — continued. 


AIMING  MARKS.— No,  3. 
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Appendix  continued. 
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AIMING  MARKS— No. 


Appendix  X. — contmued. 
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APPENDIX  XI. 


ADJUSTMENT  OF  THE  MAKE  V.  CLINOMETEE. 

(i.)  Mount  the  gun  with  the  socket  upright. 

(ii.)  Set  the  clinometer  to  zero  and  place  it  on  the  gun. 

(iii.)  Without  touching  the  gun  move  the  elevating  wheel 
until  the  bubble  is  central. 

(iv.)  Reverse  the  clinometer  and  place  it  in  the  same 
position  on  the  gun. 

(v.)  If  the  bubble  is  still  central  the  instrument  is  in 
adjustment. 

If  the  bubble  is  not  central,  compare  the  clinometer  with 
one  which  is  in  adjustment.  To  do  this — 

(i.)  Set  the  correct  instrument  to  2  deg. 

(ii.)  Place  it  on  the  gun  and  elevate  the  gun  until 
the  bubble  is  central. 

(iii.)  Replace  the  clinometer  by  the  one  which  is 
out  of  adjustment  and  without  moving  the  gun,  set  the 
instrument  so  that  the  bubble  is  central. 

Take  the  reading. 

A’.//.  Suppose  it  is  2  deg.  10  min. 

the  instrument  has  a  positive  error  of  10  min.,  aijd 
10  mill,  must  be  added  to  any  Q.E.  before  using  the  instrument 
In  plac(*  (elevation  on  the  gun. 

Again,  if  (he  reading  is  1  deg.  50  min.,  then  the  error  is 
in'K^iIivn  and  10  min.  must  be  subtracted  from  any  Q.E.  before 
iniiiig  (In^  insl/runient  to  place  elevation  on  the  gun. 

In  ri(,lim’  (^ase  the  error  should  be  recorded  on  a  piece  of 
(•/i|mr  wliieli  slioiild  be  pasted  inside  the  clinometer  case,  until 
Mtn h  (  inm  as  iJin  instrument  can  be  adjusted. 

Nil  allrni|)|,  sliould  be  made  by  companies  to  adjust  the 
M'mI.  V  ••linnnM^(,('r,  as  (he  adjusting  screws  are  very  delicate 
'•♦III  iIm  ml |iiiiI  imml.  .ilioiild  be  done  in  workshops. 
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APPENDIX  XII. 


CAEE  OF  MACHINE  GUNS  IN  FEOSTY  WEATHEE. 

1.  Not  more  than  about  5  pints  of  water  should  be  put 
into  the  barrel  casing,  and  20  per  cent,  of  glycerine  will  prevent 
it  from  freezing  quickly.  In  extremely  hard  weather,  if  the 
gun  has  to  be  exposed,  experience  has  proved  that  2|  pints  of 
water  plus  2j  pints  of  pure  or  residue  glycerine  is  necessary. 
A  drawback,  however,  to  the  large  proportion  of  glycerine  is 
that  if  fire  is  sustained  until  the  mixture  boils  very  bad  fumes 
are  given  off.  If  the  gun  is  used  in  a  covered  emplacement 
these  fumes  have  more  effect  upon  the  team  than  the  fumes 
given  off  by  cordite. 

2.  Working  parts  should  be  slightly  oiled  with^  a  lightly 
oiled  rag.  If  firing  is  sustained  oil  must  be  applied  to  all 
frictional  parts. 

3.  Guns  should  be  wrapped  in  blankets,  sandbags  or  rope, 
etc.,  and  kept  near  braziers  or  in  men's  dug-outs  or  close  to 
the  body  till  required.  If  none  of  these  courses  is  possible, 
the  recoiling  portions  should  be  frequently  worked,  or  single 
shots  fired  and  the  lock  be  changed  at  interals,  the  spare  lock 
being  kept  in  a  clean  pocket  close  to  the  body. 

4.  A  proportion  of  amgiunition  should,  if  possible,  be 
kept  warm  and  changed  at  intervals. 

5.  If  possible,  some  oil  should  be  kept  warm  for  use  if 
firing  is  prolonged. 

6.  Should  the  water  in  the  barrel  casing  become  frozen 
solid,  on  the  gun  being  fired  the  barrel  will  probably  not  recoil 
far  enough  to  work  the  gun  and  will  remain  back.  To  remedy 
this,  pull  the  crank  handle  on  to  the  roller,  then  bring  it  back 
to  a  vertical  position  and  force  the  barrel  to  the  front,  pulling 
the  belt  if  necessary ;  let  the  crank  handle  return  to  the  check 
lever  and  fire  the  gun.  This  should  be  repeated  until  the 
barrel  recoils  correctly. 

7.  If  a  gun  is  exposed  in  extremely  hard  weather,  fuzee 
and  other  springs  become  brittle,  and  lose  their  quickness. 
Fuzee  springs  should  be  lightened,  as  the  frost  tends  to 
increase  their  weight. 
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